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ANNUAL  REPORT 

OF  THE 

ISTHMIAN  CANAL  COMMISSION. 


CuLEBRA,  Canal  Zone,  August  55, 1908. 

Snt :  I  have  the  honor  to  submit,  on  behalf  of  the  Isthmian  Canal 
Commission,  its  annual  report  for  the  fiscal  year  ended  June  30,  1908. 

ORGANIZATION  OF  THE  COMMISSION. 

The  membership  of  the  commission  continued  without  change  dur- 
ing the  year.  Early  in  June  Mr.  Jackson  Smith  tendered  his  resig- 
nation, effective  September  15,  1908,  and  entered  upon  two  months' 
leave  of  absence,  beginning  July  16.  Lieut*.  Col.  H.  F.  Hodges,  Corps 
of  Engineers,  XJ.  S.  Army,  was  appointed  to  succeed  him,  and  was 
assigned  to  duty  under  the  commission  during  the  interim;  he  re- 
ported for  duty  on  the  Isthmus  July  14, 1908. 

The  executive  order  of  January  6,  1908,  combined  several  existing 
orders  and  defined  the  duties  of  the  commission  more  clearly,  trans- 
ferring to  the  chairman  certain  details  which  the  order  that  it  super- 
seded had  delegated  to  the  commission. 

GONSTBtrCnON   AND  ENGINEERING. 

The  organization  of  the  department  of  construction  and  engineer- 
ing is  given  in  detail  in  the  last  annual  report  of  the  commission,  and 
the  several  departments  and  divisions  therein  outlined  were  continued 
throughout  the  year,  except  that  in  consequence  of  the  change  in  the 
location  of  the  locks  on  the  Pacific  side,  hereinafter  described,  the 
Pacific  division  of  locks  and  dams  was  substituted  for  the  La  Boca 
locks  and  the  La  Boca  dams  division.  Briefly,  the  department  of 
construction  and  engineering  consisted  of  8  departments  and  12  di- 
visions; each  division  had  its  independent  administrative  organiza- 
tion and  reported  through  the  head  of  the  department  to  which  it 
belonged. 

Under  the  organization  as  it  existed  buildings  were  erected,  roads 
built,  and  sanitary  ditches  dug  or  constructed  in  the  same  territory 
in  which  canal  work  was  in  progress,  but  in  each  specific  instance, 
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under  a  separate  head ;  the  results  were  not  always  satisfactory.  In 
order  to  concentrate  authority,  to  expedite  the  transaction  of  busi- 
ness, to  secure  proper  coordination,  to  fix  definitely  the  responsi- 
bility in  any  particular  case,  and  to  reduce  the  cost  of  administration, 
a  complete  reorganization  was  undertaken  toward  the  close  of  the 
fiscal  year,  to  be  effected  gradually,  beginning  July  1,  by  which  all 
construction  work,  in  any  given  district,  irrespective  of  its  character, 
would  be  placed  under  one  head,  the  necessary  authority  having  been 
received  from  the  Secretary  of  War  for  the  transfer  of  duties  as 
between  departments,  required  by  executive  order  of  January  6, 1908. 
The  reorganization  was  desirable  because  the  work  of  the  divisions 
of  building  construction  and  municipal  engineering  had  reached  a 
stage  where  the  continuance  of  separate  divisions  for  handling  the 
work  was  unwarranted,  and  was  facilitated  by  the  consent  and  ap- 
proval of  the  chief  sanitary  officer  to  have  the  sanitary  engineering 
work  hitherto  performed  by  his  department  done  by  the  canal  con- 
struction forces  in  accordance  with  plans  and  on  data  prescribed  and 
furnished  by  the  department  of  sanitation. 

A  further  advantage  sought  by  the  reorganization  was  the  es- 
tablishment of  a  more  uniform  wage  scale,  and  to  secure  it  the 
organization  was  put  on  an  impersonal  basis  by  fixing  the  positions 
needed  to  properly  execute  the  work  and  the  salary  that  each  posi- 
tion should  carry.  To  the  positions  thus  found  necessary  the  avail- 
able personnel  was  fitted  so  far  as  possible. 

To  accomplish  the  objects  sought,  the  zone  was  divided  into  three 
parts,  each  of  which  is  to  constitute  a  division  under  the  department 
of  construction  and  engineering,  the  diidsion  engineers  reporting  di- 
rect to  the  chief  engineer.  The  first  is  to  include  all  territory  north 
of  Tabernilla,  to  be  designated  the  Atlantic  division;  the  second  is 
to  extend  from  Tabernilla  to  Pedro  Miguel,  to  be  named  the  central 
division,  and  the  third,  extending  from  Pedro  Miguel  to  deep  water 
in  the  Pacific,  will  constitute  the  Pacific  division.  As  the  reor- 
ganization is  not  complete  at  this  time,  its  details  must  be  left  for  the 
next  annual  report 

EXCAVATION  AND  DREDGING. 

This  department  embraced  the  Culebra  division,  the  Chagres  divi- 
sion, the  Colon  dredging  division,  and  the  La  Boca  dredging  division. 
To  the  equipment  for  excavation  in  the  dry,  reported  on  hand  at  the 
close  of  the  last  fiscal  year,  fourteen  70-ton  steam  shovels,  sixteen 
96-ton  steam  shovels,  292  Lidgerwood  cars,  and  six  hundred  and  sixty- 
eight  12-yard  dump  cars  were  added  by  receipt  or  purchase  during 
the  year.  With  the  addition  of  200  dump  cars,  it  is  anticipated  that 
the  locomotives,  steam  shovels,  and  cars  on  hand  or  under  order  will 
be  sufficient  to  complete  the  work  to  be  done  by  this  class  of  equipment. 
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Ctdebra  division. — This  division  extended  from  the  Chagres  River 
in  the  vicinity  of  Gamboa  to  include  the  Pedro  Miguel  lock,  a  dis- 
tance of  9.2  miles;  the  total  amount  of  material  excavated  in  the 
Culebra  division  during  the  year  was  12,065,138  cubic  yards,  place 
measurement,  of  which  11,685,253  cubic  yards  were  from  the  canal 
prism  and  the  balance  for  accessory  works.  The  total  number  of 
steam  shovels  assigned  to  this  part  of  the  work  during  the  year 
was  59. 

As  practically  all  the  areas  suitable  for  dumps  within  the  limits  of 
the  division  were  utilized  to  their  fullest  capacities,  the  greater  part 
of  the  material  was  hauled  over  the  main  line  of  the  Panama  Bailroad 
to  Gorgona  and  Tabemilla  on  the  north  and  to  the  new  dumps  at 
Miraflores  and  La  Boca  on  the  south,  the  average  haul  being  about 
10  miles.  The  last  two  dumps  were  developed  during  the  year — the 
former  is  on  the  relocation  of  the  Panama  Railroad,  and  the  latter, 
while  originally  intended  for  use  in  connection  with  the  stone-crushing 
and  constructing  plant  of  the  La  Boca  locks,  is  utilized  since  the 
abandonment  of  this  locality  for  lock  purposes  as  a  jetty  to  stop  the 
drift  of  silt  from  the  east  which  is  deposited  in  the  dredged  channel. 
Rock  from  the  ^^cut"  at  Bas  Obispo  has  been  taken  to  Gatun,  and 
since  March  20,  1908,  about  1,300  cubic  yards  have  been  deposited 
daily  on  the  south  toe  of  the  dam  between  the  lock  site  and  the  tem- 
porary spillway,  forming  part  of  the  dam. 

For  construction  purposes,  and  for  maintenance  subsequent  to  the 
completion  of  the  canal,  it  is  necessary  to  divert  the  waters  flowing 
into  the  "  cut "  from  adjacent  watersheds.  With  this  in  view,  the 
French  diversion  channel  for  the  Camacho  River,  on  the  west  side  of 
the  canal,  was  utilized.  A  new  channel,  revetted  with  stone,  was  cut 
through  white  house  yard,  the  French  tunnel  through  the  hill  at 
Bas  Obispo  was  cleared  out,  and  a  dam  was  constructed  across  the 
Obispo  River.  This  is  known  as  the  Camacho  diversion  and  carries 
the  waters  from  Culebra  to  the  Chagres  River,  near  Matachin. 

The  survey  for  diverting  the  Obispo  River  and  the  other  streams 
on  the  east  side  of  the  canal  was  completed,  a  new  channel  located  and 
its  construction  pushed  as  rapidly  as  possible.  During  the  year  the 
channel  was  finished  from  Gold  Hill  to  a  point  opposite  Las  Cas- 
cadas,  with  work  in  progress  between  this  point  and  Gamboa.  This, 
known  as  the  Obispo  diversion,  will  carry  the  waters  into' the  Chagres 
River  about  1  mile  above  the  crossing  of  the  river  by  the  canal; 
813,511  cubic  yards  of  material  were  removed  during  the  year,  and 
400,000  remain  to  be  excavated  in  order  to  complete  it. 

On  October  4  the  Cucaracha  slide,  which  had  caused  more  or  less 
inconvenience  since  the  work  was  begun  by  the  French  in  1884, 
started  to  move  toward  the  east  edge  of  the  canal  at  a  rate,  at  first, 
of  14  feet  in  twenty-four  hours,  decreasing  toward  the  close  of  the 
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month  to  about  4  feet  in  the  same  period  of  time.  About  113,000 
cubic  yards  of  material  moved  so  as  to  effectually  stop  the  transporta- 
tion of  material  through  the  ^^  cut "  to  the  south,  and  necessitated  the 
handling  of  all  material  over  the  single-track  portion  of  the  Panama 
Railroad  via  Empire  to  the  south.  Work  was  prosecuted,  without 
interruption,  day  and  night,  by  steam  shovels  and  improvised  hy- 
draulic means,  and  by  the  end  of  the  month  sufficient  space  was 
gained  on  the  moving  mass  to  permit  the  passage  of  dirt  trains  to  the 
south  over  the  old  route.  The  total  area  of  the  slide  was  approxi- 
mately 34,455  square  yards,  and  it  was  estimated  that  about  600,000 
cubic  yards  were  in  motion.  The  removal  of  this  slide  is  not  a 
source  of  difficulty  in  the  dry  season.  A  wide  berm  was  left  with  the 
hope  that  should  rapid  movement  again  take  place,  steam  shovels  could 
prevent  the  interruption  of  traffic. 

The  slide  at  Paraiso,  another  which  developed  when  the  French 
were  at  work  on  the  canal,  gave  trouble  in  April  of  this  year.  It  is 
located  on  the  east  bank  of  the  canal  and  extends  up  a  narrow  gorge 
for  about  750  feet  from  the  edge  of  the  canal.  The  estimated  area  is 
16,700  square  yards,  and  the  amount  in  motion  is  about  140,000  cubic 
yards,  of  which  about  90,000  cubic  yards  have  been  removed. 

Two  slides  developed  in  the  dry  season  along  the  upper  level  of 
Culebra  '^  Cut."  One  is  situated  on  the  west  bank  of  the  canal  at  the 
village  of  New  Culebra,  which  is  built  on  one  of  the  French  dumps. 
The  most  distant  point  of  the  slide  from  the  "  cut "  is  about  420  feet ; 
the  area  is  approximately  6,110  square  yards  and  about  50,000  cubic 
yards  of  material  are  in  motion.  The  other  slide  is  located  nearly 
opposite  the  village  of  Las  Cascadas,  on  the  east  bank  of  the  canal 
and  extends  back  from  the  edge  of  the  canal  for  a  distance  of  about 
230  feet.  The  area  of  this  slide  is  estimated  to  be  5,433  square  yards, 
and  about  100,000  cubic  yards  of  material  are  in  motion. 

At  the  new  Culebra  station  a  sinking  of  the  ground  surface  west 
of  the  west  slope  of  the  "  cut "  was  noticed  and  a  corresponding  uplift 
of  the  bottom  of  the  "  cut "  took  place.  A  similar  action  of  the 
bottom  occurred  in  the  canal  just  south  of  Gold  Hill.  In  both 
instances  this  upward  movement  of  the  bottom  was  stopped  by  re- 
moving the  material  on  the  upper  levels,  whereby  the  pressure  was 
reduced. 

Chagres  division. — This  division  covered  a  distance  of  about  28 
miles  and  extended  from  Gatun  to  a  point  where  the  canal  crosses 
the  Chagres  Kiver  at  Gamboa.  The  river  crosses  the  canal  line  23 
times  within  the  limits  of  this  division,  so  that  during  construction 
a  considerable  portion  of  the  prism  is  subject  to  overflow  by  floods, 
and  to  such  an  extent  that  progress  of  work  is  liable  to  be  slow  during 
the  rainy  seasons. 
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The  surveys  reported  as  in  progress  in  the  last  annual  report  were 
completed,  and  the  center  line  of  the  canal  permanently  marked. 
Slight  dianges  in  the  alignment  were  made  in  the  final  location 
whereby  a  saving  of  1,264,700  cubic  yards  was  effected;  of  this, 
264,300  cubic  yards  were  rock.  These  surveys  show  that  the  total 
amount  to  be  removed  from  this  part  of  the  canal  prism  is  12,256,300 
cubic  yards,  of  which  8,813,500  cubic  vards  are  earth  and  the  balance 
rock. 

During  the  fiscal  year  excavation  was  begun  on  four  different  sec- 
tions. At  San  Pablo  work  was  commenced  in  August  and  634,832 
cubic  yards  were  removed  during  the  balance  of  the  year ;  there  re- 
main to  complete  this  section  744,807  cubic  yards.  Work  was  begun 
at  Caimito  on  October  1;  the  estimated  amount  of  material  to  be 
removed  from  this  section  is  2,079,493  cubic  yards,  of  which  555,346 
cubic  yards  were  excavated  during  the  year.  In  the  vicinity  of  Mata- 
chin  1,552,000  cubic  yards  are  to  be  removed,  and  434,151  cubic  yards 
were  taken  out  since  December  30,  when  work  was  commenced.  At 
Santa  Cruz,  between  Matachin  and  the  Chagres  River,  the  removal 
of  1,277,800  cubic  yards  is  necessary  to  secure  the  prism,  and  of  this 
amount  188,896  cubic  yards  were  excavated  since  February  24. 

The  total  amount  of  material  excavated  was  1,774,124  cubic  yards, 
place  measurement,  all  from  the  canal  prism. 

Hie  sections  at  Santa  Cruz  and  Matachin  are  at  present  most  liable 
to  overflow  from  the  Chagres,  and  levees  with  proper  flood  drains 
were  built  at  the  ends  of  the  cuts  for  protection  against  the  medium 
flood  stages  of  the  river;  sumps  were  dug  and  pumps  installed  for 
the  purpose  of  draining  the  sites  from  seepage  and  rain  water. 

The  total  number  of  steam  shovels  in  operation  in  this  division  was 
15  and  the  balance  of  the  equipment  is  largely  that  left  by  the  French ; 
47  out  of  a  total  of  50  engines  in  use  are  French,  as  are  410  of  the  645 
dump  cars. 

Colon  dredging  division. — This  division  extended  from  the  foot  of 
Gbtun  lock  to  deep  water  in  the  Caribbean  Sea,  and  embraced  the 
Mindi  and  Colon  districts  and  the  Cristobal  marine  shops.  The  sur- 
vey of  the  Mindi  district  was  completed  and  the  clearing  between 
Ifindi  and  Limon  Bay  was  finished  in  August.  Excavation  by  steam 
shovels  was  begmi  in  July,  and  two  of  them  removed  a  total  of  536,959 
cubic  yards,  including  both  swamp  and  rock.  A  levee  was  constructed 
along  the  low  part  of  the  prism  to  protect  the  cut  from  the  waters 
of  the  French  canal,  and  a  sump  was  dug  and  a  pump  installed  to 
remove  water  accumulating  in  the  cut  through  seepage  and  rain. 

Dredging  during  the  year  was  done  by  two  French  ladder  dredges, 
two  dipper  dredges,  the  16-inch  suction  dredge,  and  by  the  seagoing 
suction  dredge  Ancon.    A  total  of  5,087,623  cubic  yards  of  material 
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was  removed,  of  which  4,947,330  cubic  yards  were  from  the  oanal 
prism  and  the  remainder  from  accessory  works. 

Some  additional  machinery  was  installed  in  the  machine  shop  ad- 
jacent to  the  dry  dock  and  maintained  the  various  dredges,  clapets, 
and  tugs  in  good  working  order.  Some  further  additions  will  be 
made  so  that  the^shops  can  care  not  only  for  the  dredging  plant  but 
also  for  the  tugs,  barges,  and  dredges  to  be  used  in  handling  stone, 
sand,  and  other  material  required  for  the  Gatun  locks  and  dam. 
Three  dredges  were  received,  knocked  down,  from  the  United  States 
for  the  Gatun  dam  division  and  erected  at  the  shops,  pontoons  and 
pipe  lines  being  built  for  them ;  two  are  completed  and  the  other  is 
well  under  way. 

The  enlargement  of  the  dry  dock  begun  during  the  previous  fiscal 
year  was  completed,  making  it  capable  of  taking  a  vessel  298  feet 
long,  50-foot  beam,  and  15-foot  draft. 

La  Boca  dredging  division. — ^The  change  in  the  location  of  the 
locks  and  dams  on  the  Pacific  side  extended  the  limits  of  this  division 
about  3  miles,  the  area  to  be  dredged  extending  from  the  Miraflores 
locks  to  deep  water  in  the  Pacific,  a  distance  of  about  8  miles,  with 
a  width  of  500  feet.  The  quantity  of  material  to  be  removed  is  esti- 
mated at  29,212,700  cubic  yards,  at  least  1,500,000  cubic  yards  of 
which  is  rock.  To  obtain  accurate  information  as  to  the  amount  and 
character  of  rock,  three  lines  of  borings  are  being  made  along  the 
center  and  side  lines  of  the  channel  for  every  100  feet  of  distance. 
The  purchase  of  a  drill  scow  and  one  Lobnitz  rock  breaker  for  break- 
ing up  the  rock  so  that  it  can  be  handled  by  the  dredges  was  arranged, 
and  the  results  of  the  experiments  with  these  two  machines  will  deter- 
mine the  method  of  removal  finally  adopted. 

With  the  abandonment  of  the  lock  site  at  La  Boca,  a  slight  change 
in  the  alignment  of  the  new  channel  was  made,  so  as  to  utilize  the 
present  wharves  of  the  Panama  Railroad  Company,  as  well  as  the 
dredging  already  done  under  the  former  project  and  by  the  French. 
With  the  exception  of  a  small  cut  made  by  the  dipper  dredge,  all 
excavation  done  under  the  original  plan  is  within  the  limits  of  the 
new  channel. 

There  have  been  used  on  this  stretch  of  the  canal  the  seagoing 
suction  dredge  Culehra^  which  went  into  commission  on  January  1, 
and  four  French  ladder  dredges.  The  dipper  dredge  was  taken  out 
of  commission  on  January  17,  1908,  as  not  suitable  for  handling  the 
soft  material,  and  will  be  utilized  later  in  the  removal  of  rock.  Dur- 
ing the  fiscal  year  a  total  of  5,273,369  cubic  yards  was  removed,  of 
which  5,264,019  cubic  yards  were  from  the  canal  prism  and  9,350  cubic 
yards  from  accessory  works. 

During  January  one  of  the  construction  tracks  of  the  lock  division 
was  extended  to  Cardenas  Hill,  and  early  in  February  a  steam  shovel 
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was  put  at  work  removing  the  hill,  the  spoil  of  which  is  dumped 
along  the  east  bank  of  the  Rio  Grande  parallel  to  the  canal  line, 
forming  a  dike  to  oonfine  the  material  from  the  channel  that  will  be 
excavated  and  pumped  behind  it  by  a  suction  dredge.  Of  this  dike, 
800  feet  were  finished  and  1,600  feet  partially  completed,  utilizing 
55,490  cubic  yards  of  material  taken  from  the  prism. 

Repairs  were  made  at  the  La  Boca  shops  to  the  various  dredges, 
dapets,  and  tugs  on  the  Pacific  side;  and  a  20-inch  suction  dredge,  the 
material  for  which  was  received  during  the  early  part  of  the  fiscal 
year  from  the  United  States,  was  erected.  The  boat  was  launched 
on  May  17  and  the  machinery  is  being  installed ;  complete  equipment 
of  pontoons  and  pipe  lines  for  the  dredge  was  also  made.  By  the 
change  in  the  location  of  the  locks  these  shops  will  not  be  flooded  as 
under  the  original  project,  and  they  are  being  put  into  condition  for 
permanent  use. 

In  Appendix  A  will  be  found  more  in  detail  the  work  done  by  the 
department  of  excavation  and  dredging  during  the  year. 

LOCKS  AND  DAHS. 

This  department  of  construction  embraced  the  Gatun  locks  and  the 
Gatun  dam  divisions,  the  Pacific  division  of  locks  and  dams,  and  the 
division  of  meteorology  and  river  hydraulics. 

The  locks  are  in  pairs,  and  since  the  compilation  of  the  last  annual 
report  the  projected  dimensions  have  been  increased  so  that  the  width 
in  the  dear  will  be  110  feet,  the  usable  length  remaining,  as  hereto- 
fore, 1,000  feet.  The  question  of  increasing  the  width  was  raised  by 
the  General  Board  of  the  Navy,  in  a  memorandum  to  the  Secretary 
of  the  Navy,  dated  Washington,  October  29, 1907,  setting  forth  "  that 
the  width  of  the  locks  as  now  fixed,  namely,  100  feet,  is  insufficient  for 
probable  ships  of  future  construction,  and  that  sound  policy  would  dic- 
tate an  increase  to  a  clear  width  of  110  feet." 

While  the  commission,  after  due  consideration,  was  of  the  opinion 
that  the  width  already  adopted  for  the  locks — 100  feet  in  the  clear — 
was  ample  for  all  commercial  vessels  building  or  contemplated,  and 
sufficient  for  any  battle  ship  constructed,  building,  or  projected,  it  felt 
that  the  wishes  of  the  Navy,  as  expressed  by  the  General  Board, 
should  be  followed,  there  being  no  insuperable  obstacles,  and  it  ac- 
cordingly recommended  that  the  project  be  modified  as  desired.  This 
modification  was  approved  by  the  President,  under  date  of  January 
15, 1908. 

The  project  prepared  by  the  minority  members  of  the  board  of  con- 
sulting engineers  for  the  lock  type  of  canal  provided  for  a  flight  of 
three  locks  at  Gatun,  a  flight  of  two  locks  at  La  Boca,  and  one  at 
Pedro  Miguel.    The  locks  at  La  Boca  were  placed  on  the  west  side  of 
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Sosa  Hill,  and  were  to  overcome  the  difference  of  the  level  between 
the  ocean  and  a  lake  formed  by  the  Sosa-Corozal  and  the  Sosa-San 
Juan  dams.  Steps  were  taken  to  construct  the  former  of  these  dams 
in  accordance  with  the  proposed  plan,  and  trestles  were  built  along 
the  toes  from  which  to  dump  material  from  Culebra  cut.  The  tres- 
tles failed  after  the  dumping  from  them  began,  and  the  material 
overlying  the  rock  moved  laterally,  carrying  the  superimposed  mass 
with  it.  In  places  this  lateral  motion  continued  for  two  weeks  after 
dumping  had  stopped.  The  ground  on  either  side  of,  and  for  some 
distance  from,  the  dump  was  forced  up,  forming  mounds  of  mud,  the 
crests  of  which  gradually  approached  the  level  of  the  dump  proper. 
After  an  equilibrium  was  established  between  the  dump  and  the  ad- 
jacent mounds  the  hump  or  wave  would  again  move  out  when  the 
track  was  shifted  toward  it,  accompanied  by  a  sudden  vertical  set- 
tling of  the  track  of  6  to  10  feet  when  loaded  trains  were  applied. 
Dumping  from  trestles  of  less  height  secured  no  better  results. 

When  the  difficulty  developed,  investigations  by  borings  and  test 
pits  were  made  to  determine  the  character  of  material  overlying  the 
rock.  It  was  found  to  be,  for  the  greater  part,  an  unctuous  blue  clay 
without  grit,  possessing  very  little  supporting  power,  instead  of  a 
stiff  clay,  as  indicated  on  the  profiles.  The  depth  of  rock  below  the 
surface  varied  from  10  to  70  feet,  and  in  order  to  build  the  dams  more 
money  and  time  would  be  required  than  had  been  estimated. 

When  this  became  evident,  a  careful  examination  of  the  canal  route 
from  Pedrd  Miguel  to  the  Pacific  was  undertaken,  by  wash  and  dia- 
mond drill  borings  and  test  pits,  to  ascertain  if  a  more  suitable  place 
for  the  locks  and  dams  could  be  found.  In  making  these  examina- 
tions care  was  taken  to  secure  samples  of  the  materials  to  be 
encountered  at  the  various  depths,  as  well  as  cores  of  the  rock  for 
depths  of  25  feet  below  the  foundation  level  of  the  lock  walls. 

A  study  of  the  data  thus  obtained  led  to  the  conclusion  that  one 
lock  at  Pedro  Miguel  and  two  at  Miraflores  offered  the  most  econom- 
ical and  desirable  solution.  The  advantages  of  this  plan  over  the 
then  existing  project  were  that  dams  of  lower  height,  less  length,  and 
resting  on  rock  comparatively  near  the  surface  could  be  more  easily 
constructed  and  could  be  completed  at  an  earlier  date;  and  finally 
that  the  locks  in  this  location  would  be  protected  against  all  possi- 
bility of  distant  bombardment  and  would  be  less  exposed  to  gunboat 
or  torpedo  boat  attack.  As  a  consequenoe,  the  commission  recom- 
mended'a  change  in  the  project,  which  received  the  approval  of  the 
President  on  December  19,  1907. 

The  designs  for  the  locks  are  still  in  course  of  preparation  but  the 
studies  have  reached  such  a  stage  that  the  general  features  will  be 
definitely  determined  at  an  early  date.    Satisfactory  progress  was 
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made  in  the  design  of  the  gates  and  the  emergency  dams  and  is 
reported  on  in  Appendix  F. 

Gatun  locks. — The  borings  previously  made  to  determine  the  char- 
acter of  the  foundation  for  the  locks  developed  the  existence  of  strata 
of  varying  materials,  and  investigations  were  continued  during  the 
year  to  ascertain  the  depths  of  the  strata  and  to  determine  also 
whether  suitable  material  extended  sufficiently  far  below  the  level 
on  which  the  lock  walls  are  to  be  built  to  carry  the  weight ;  a  depth 
of  50  feet  below  this  level  was  fixed  and  the  borings  were  so  made. 
The  materials  encountered  may  be  briefly  summarized  as  a  layer  of 
argillaceous  sandstone,  overlying  a  layer  of  conglomerate  which  is 
composed  of  pebbles  and  other  hard  aggregates  held  together  by  a 
cementing  material,  and  which  subsequent  excavation  shows  to  be 
hard  enough  in  texture  to  require  blasting  for  its  removal.  Soft 
sandstone  is  next  in  order,  consisting  of  sand  with  some  cementing 
material,  easily  disintegrating  under  erosion.  At  the  upper  end  vol- 
canic tufa,  with  scattering  pieces  of  argillaceous  sandstone,  is  found, 
the  proportion  of  tufa  in  this  stratum  diminishing  toward  the  lower 
or  north  end  of  the  site.  Below  this  layer  is  dense  argillaceous  sand- 
stone of  considerable  thickness. 

The  borings  disclosed  the  presence  of  ground  water,  under  pres- 
sure, in  some  of  the  conglomerate  and  through  the  stratum  of  soft 
sandstone,  and  investigations  developed  an  underground  flow  through 
the  sandstone,  the  source  of  supply  being  apparently  ground  water 
from  the  hills  to  the  southeast  and  at  a  considerably  higher  elevation 
than  the  lock  site.  The  indications  are  that  the  flow  is  about  parallel 
to  the  axis  of  the  lock.  The  volume  of  water  encountered  is  small. 
There  is  no  question  that  the  various  materials  will  bear  the  greatest 
loads  that  will  be  transmitted  to  them  by  the  lock  walls,  if  provision 
is  made  to  prevent  the  underground  flow  of  water  through  the  softer 
materials  on  which  part  of  the  walls  will  rest 

It  is  intended  now  to  prevent  access  to  the  foundation  of  this  water 
by  means  of  curtain  walls  connected  with  the  underlying  impervious 
stottum  of  argillaceous  sandstone,  and  additional  precautions  will  be 
taken  if  developments  during  construction  make  such  advisable  or 
necessary. 

Appendix  D,  herewith,  contains  a  report  by  the  engineer  who  con- 
ducted the  examinations  and  investigations  of  these  foundations, 
together  with  maps  illustrating  the  text,  and  for  more  detailed  infor- 
mation attention  is  invited  thereto. 

The  excavation  for  the  locks  was  continued  throughout  the  year, 
and  nine  shovels  were  assigned  to  this  work.  The  total  amount  re- 
moved from  the  site  was  1,769,115  cubic  yards,  of  which  190,013  cubic 
yards  were  placed  on  the  south  toe  of  the  dam,  from  the  crossing  of 
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the  Chagres  River  to  the  temporary  spillway ;  69,432  cubic  yards  were 
deposited  on  the  west  side  of  the  lock,  making  a  fill  for  the  operation 
of  the  construction  plant,  and  the  remainder  was  dumped  as  an  em- 
bankment on  the  relocation  of  the  Panama  Railroad. 

Draining  the  site,  thus  far,  has  been  accomplished  by  gravity,  but 
a  sump  has  been  prepared  and  a  pumping  plant  ordered  to  take  care 
of  any  water  collecting  in  the  pit  from  seepage  and  rains  as  the  cut 
is  deepened. 

The  broken  stone  required  for  concrete  will  be  procured  from 
Porto  Bello,  about  20  miles  east  of  Colon.  At  that  place  a  concrete 
dam  has  been  built  across  El  Mango  Creek  to  impound  water  for 
drinking  and  other  purposes,  the  gravel  and  sand  for  which  were 
obtained  from  the  harbor  in  the  immediate  vicinity ;  5,052  cubic  yards 
of  concrete  were  used  in  the  structure.  A  wharf,  storehouse,  office 
building,  quarters,  and  barracks  have  been  built  and  a  sewer  system 
installed.  One  steam  shovel  is  at  work  and  the  quarry  plant  being 
erected. 

Examinations  of  the  coast  were  made  with  a  view  to  locating  suit- 
able sand  for  concrete,  and  as  a  result  of  comparative  tests  it  was 
decided  to  use  the  deposits  in  the  vicinity  of  Nombre  de  Dios.  Sur- 
veys were  made  and  plans  prepared  for  securing  the  sand  from  this 
locality. 

Arrangements  have  been  made  for  purchasing  the  necessary  plant 
and  marine  equipment  for  constructing  the  locks  and  for  handling 
the  various  classes  of  materials  needed  for  the  concrete. 

Gatun  dam. — Investigations,  primarily  undertaken  to  verify  data 
already  on  hand  concerning  the  character  of  material  for  the  foun- 
dation of  the  dam,  were  continued  for  the  purpose  of  determining 
more  fully  the  character  and  extent  of  the  various  materials  com- 
posing foundations  for  the  dam  and  the  spillway;  for  ascertaining 
whether  there  were  any  permeable  connections  between  the  swamp 
areas  to  the  north  and  south  of  the  site  through  the  deposits  in  the 
gorges  across  which  the  dam  will  be  built;  for  testing  the  ability  of 
the  material  to  support  the  proposed  structure,  and  for  learning 
whether  suitable  material  for  the  dam  can  be  had  in  the  immediate 
vicinity.  A  test  pit,  12  feet  square,  was  sunk  in  the  hill  through 
which  the  spillway  is  being  cut  and  near  its  head,  and  this  has  been 
carried  down  to  about  35  feet  below  sea  level.  The  rock  formation 
here  is  practically  the  same  as  that  at  the  lock  site.  On  Gatun  Island 
a  test  pit  20  feet  square  was  sunk  to  a  depth  of  68  feet  below  sea 
level.  Wash  borings  were  resorted  to,  but  care  was  taken  to  secure 
drive  samples  whenever  there  were  indications  of  any  change  in  the 
character  of  the  material. 

The  examinations  made  of  the  spillway  indicate  that  the  rock  is  of 
sufficient  strength  to  bear  safely  any  of  the  loads  that  will  be  placed 
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upon  it  and  that  the  principal  water-bearing  mediums  are  the  fissures 
through  the  various  strata,  which  allow  the  passage  of  water;  this 
flow  will  be  cut  off,  as  in  the  case  of  the  locks,  by  means  of  curtain 
walls  properly  constructed  and  connected  with  the  impervious  layer 
underlying  the  soft  rock. 

Both  the  test  pit  and  the  borings  over  the  other  portions  of  the  dam 
site  indicate  that  the  top  layer  is  a  fine  sand  with  a  large  proportion 
of  clay  intermixed.  This  extends  to  a  maximum  depth  at  one  point 
of  approximately  80  feet  Underlying  this,  for  a  distance  of  100 
feet  or  more,  is  a  thick  marine  deposit  of  blue  clay  containing  a 
little  sand,  and  in  some  parts  a  considerable  quantity  of  shells;  this 
material  ii  impervions.  Under  this  and  dii^^y  overlying  the  rock 
is  a  deposit,  varying  in  thickness  up  to  20  feet,  of  small  bowlders  and 
gravel  consoUdated  and  cemented  together  with  finely  divided  clays 
and  silts.  What  seepage  there  is  occurs  in  the  top  stratum;  and 
though  this  is  small,  it  is  proposed  to  cut  it  off  by  sheet  piling  project- 
ing up  into  the  core  of  the  dam  and  down  into  the  impervious  layer. 
The  material  encountered  is  of  such  character  as  to  be  amply  strong 
for  supporting  the  proposed  structure.  Examination  by  wash  bor- 
ings in  the  valleys  above  and  below  the  site  of  the  dam  develops  the 
&ct  that  suitable  material  for  dam  construction  can  be  readily  pro- 
cured by  dredging  and  that  the  quantity  available  is  amply  sufficient 
for  the  purpose. 

Two  experimental  dams,  with  dimensions  corresponding  to  the 
dam  as  it  is  to  be  built,  were  made,  on  the  scale  of  1  inch  to  the  foot ; 
the  first  by  depositing  all  material  from  the  north  side  and  allowing 
the  water  to  drain  south,  by  which  the  coarser  material  was  deposited 
on  the  downstream  side  and  the  finer  material  on  the  upper  side  of 
the  dam.  This  was  tested  for  seepage  under  a  full  head  of  water, 
and  the  results  are  recorded  in  Appendix  E  herewith.  Another  dam 
to  the  same  scale  was  constructed  by  depositing  the  material  at  the 
same  time  on  both  the  upstream  and  downstream  sides,  allowing 
the  finer  material  to  deposit  toward  the  center.  These  experiments 
show  not  only  the  suitability  of  the  available  material,  but  that  a 
stable  and  water-tight  dam  can  be  built  by  hydraulic  methods.  A  full 
description  of  the  examinations  and  investigations,  together  with  a 
discussion  of  the  dam,  is  found  in  Appendix  E. 

Construction  work  at  the  dam  during  the  year  consisted  in  the 
removal  of  918,920  cubic  yards  of  material  from  the  spillway.  This 
channel  is  300  feet  wide,  with  a  flare  to  500  feet  on  the  upstream  side, 
and  it  was  decided  to  maintain  the  elevation  of  its  bottom  at  the 
south  end  at  10  feet  above  sea  level,  so  as  to  preserve  as  thick  a  layer 
as  possible  of  argillaceous  sandstone  over  the  conglomerate.  The 
fill  at  the  south  toe  was  extended  during  the  year  across  the  French 
canaL    In  this  toe  86,669  cubic  yards  of  Bas  Obispo  rock  were  placed 
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and  329^57  cubic  yards  of  material,  largely  rock,  excavated  from  the 
spillway  and  the  lock  site.  A  trestle  was  also  constructed  along  a 
portion  of  the  north  toe  of  the  dam,  from  which  175,140  cubic  yards 
of  material  from  the  spillway  were  dumped.  Two  lines  of  sheet 
piling  have  been  driven  across  the  Chagres  Biver  to  form  cofferdams  to 
permit  the  pumping  out  of  that  portion  of  the  stream  to  be  occupied 
by  the  dam,  in  order  to  remove  whatever  unsuitable  material  has  been 
left  by  the  operation  of  the  suction  dredge  over  this  area. 

The  old  village  of  Gatun  has  been  torn  down  and  moved  to  a  new 
site  on  the  hills  to  the  east 

Pacific  lochs  and  dams. — ^When  the  difficulties  attending  the  con- 
struction of  the  Sosa-Corozal  dam  were  encountered,  and  during  the 
subsequent  investigations,  up  to  the  date  of  approval  of  the  project, 
work  was  reduced  to  a  minimum,  and  consisted  of  stripping  the 
quarry  at  La  Boca,  stone  from  which  will  be  used  for  concrete  in  the 
construction  of  the  locks,  and  of  making  a  relatively  low  fill  along 
the  west  toe  of  the  site  selected  for  the  Sosa-Corozal  dam  to  afford 
rail  service  between  the  quarry  and  the  new  lock  site. 

Pedro  Miguel. — ^As  it  was  more  advisable  and  economical,  the 
Culebra  division  excavated  the  lock  site  down  to  reference  40,  prac- 
tically completing  it  to  this  grade  at  the  close  of  the  fiscal  year,  and 
removed  1,071,696  cubic  yards,  which  amount  is  included  in  the  total 
yardage  under  the  Culebra  division.  Operations  on  this  site  were 
begun  by  the  locks  and  dams  division  in  June,  1908,  by  the  installa- 
tion of  one  shovel  at  the  lower  end  of  the  site  and  by  the  construction 
of  railroad  tracks  connecting  Pedro  Miguel  with  Miraflores.  This 
shovel  moved  a  total  of  7,493  cubic  yards  from  the  lock  site.  The  lock 
is  to  be  connected  to  the  rock  portion  of  an  adjacent  hill  by  prolonging 
the  east  wing  wall.  The  west  dam,  1,400  feet  long,  will  be  of  earth, 
extending  from  the  lock  to  a  hill  to  the  northwest ;  the  top  elevation 
will  be  at  107  and  the  top  width,  for  purposes  of  estimating,  is  fixed 
at  40  feet,  with  side  slopes  of  4 : 1 ;  as  it  will  form  a  convenient  dimip 
for  the  Culebra  division,  its  width  will  be  considerably  increased 
The  maximum  pressure  will  be  due  to  a  head  of  40  feet,  the  average 
head  being  between  25  and  30  feet. 

Miraflores  locks  and  dams. — ^It  is  shown  conclusively  by  test  pits 
and  borings  that  the  locks  will  rest  on  rock  of  ample  strength  to  make 
suitable  foundations.  A  hard  limestone  is  found  for  the  upper  part 
of  the  site,  changing  to  argillaceous  sandstone  at  the  lower  end.  The 
borings  disclosed  no  such  variations  in  the  formation  as  exist  at 
Gatun. 

The  lock  site  was  cleared  and  2  steam  shovels  were  installed  in  Jan- 
uary, 1908,  and  additional  shovels  were  added  as  the  progress  of  work 
warranted.    A  total  of  8  shovels  was  assigned  to  this  division.    The 
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number  of  cubic  yards  removed  from  the  site  amounted  to  341,786,  of 
which  297,476  cubic  yards  were  from  the  prism  of  the  locks.  As  the 
greater  portion  of  this  lock  site  is  low  ground,  the  excavated  material 
was  deposited  on  either  side,  to  be  used  as  foundations  for  the  erecting 
plant,  and  across  the  lower  end  of  the  lock  site  for  the  construction 
of  a  levee.  The  pit  is  drained  by  gravity  to  a  simip  where  a  pump 
is  installed  to  handle  the  water.  The  relatively  large  unit  cost  is  due 
to  the  necessity  of  using  the  excavated  material  for  specific  purposes 
in  a  very  contracted  area,  and  the  absence  of  rock,  which  makes  the 
tracks  under  heavy  rains  very  difficult  of  maintenance. 

Elxaminations  developed  good  foundations  for  concrete  dams,  and 
the  one  from  the  locks  to  Miraflores  Hill,  750  feet  in  length,  will  be 
of  this  material.  The  Cocoli  River  crosses  the  lock  site  from  the 
west  and  is  a  very  formidable  stream  in  times  of  heavy  freshets, 
though  the  water  runs  off  very  rapidly.  A  diversion  channel  is  being 
cut  through  the  hills  1^  miles  west  of  the  lock  site,  and  a  dam  very 
nearly  parallel  with  the  axis  of  the  locks,  extending  from  the  head 
of  the  locks  to  CJocoli  Hill,  is  required  to  force  the  stream  through 
this  diversion,  and  must  be  a  permanent  structure.  The  west  dam, 
at  Miraflores,  will  be  of  earth,  2,300  feet  long,  heavily  riprapped,  40 
feet  wide  on  top,  the  reference  of  which  is  70,  and  side  slopes  of  4 : 1. 
The  dam  will  be  founded  on  impervious  material  and  will  be  sub- 
jected to  an  average  head  of  about  30  feet 

Mules  and  scrapers  were  used  during  the  dry  season  for  the  di- 
version channel  and  73,592  cubic  yards  were  removed.  Examinations 
made  of  rock  formations  in  Cocoli  and  Miraflores  hills,  with  a  view 
to  use  in  concrete,  resulted  in  the  selection  of  the  Sosa  Hill  quarry  as 
offering  a  better  and  more  uniform  quality  of  stone.  Suitable  sand 
for  use  in  concrete  has  been  located  in  ample  quantities  at  Chame, 
about  20  miles  west  of  La  Boca,  where  a  peninsular  formation  gives 
a  protected  harbor  in  which  a  dredge  may  operate  at  all  seasons  of 
the  year. 

River  hydraulics. — ^The  object  of  this  division  of  the  work  and  the 
stations  maintained  are  noted  in  the  last  annual  report  To  these 
have  been  added  during  the  year  a  flood  warning  station  at  Vigia. 

Meteorology. — ^Three  first-dass  and  three  second-class  meteoro- 
logical, and  13  rainfall  stations  are  established  and  maintained  for  the 
use  of  the  commission,  and  the  information  collected  is  furnished  to 
other  bureaus  and  associations.  During  the  year  fog  observations 
were  begun,  and  all  work  connected  with  tidal  measurements  was 
transferred  to  this  division.  A  building  has  been  constructed  at 
Ancon  for  two  seismographs  and  a  meteorological  observatory. 

For  further  details  relating  to  the  work  done  by  this  department  of 
construction,  attention  is  invited  to  Appendix  B. 
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MOTIVE  POWER  AND  MACHINERY,  MUNICIPAL  ENGINEERING,  AND  BUIM)- 

ING  CONSTRUCTION. 

Motive  power  and  machinery. — ^The  work  of  this  division  includes 
the  erection,  preparation  for  service,  and  maintenance  in  good  repair 
of  machinery  necessary  in  canal  construction ;  the  erection  and  opera- 
tion of  air-compressor  plants;  electrical  installations,  and  manufac- 
ture and  repair  work  for  other  divisions.  At  the  close  of  the  year 
2,206  men  were  carried  on  the  rolls,  and  the  expenditures  amounted 
to  $5,645,622.18.  Three  shops,  located  at  Gorgona,  Empire,  and 
Paraiso,  handle  all  work  except  electrical  installations,  and  each  is 
charged  with  the  maintenance  and  operation  of  engine  houses,  coal 
chutes,  and  air-compressor  plants  in  its  territory. 

Shop  buildings  have  been  erected  at  the  three  localities,  those  at 
Empire  and  Paraiso  being  completed  during  the  year.  With  the 
completion  of  all  authorized  work,  the  Gorgona  shops  will  have 
307,000  square  feet  of  floor  space,  the  Empire  shops  198,000  square 
feet,  and  the  Paraiso  shops  41,090  square  feet.  Included  imder  the 
jurisdiction  of  the  Gorgona  shops  is  the  engine  house  at  Tabemilla 
for  handling  light  repairs  to  engines  overnight;  under  the  jurisdic-  >^ 

tion  of  the  Empire  shops  are  engine  houses  at  Las  Cascadas,  Lirio,  J^ 

and  Rio  Grande;  the  compressor  plants  at  Las  Cascadas,  Empire, 
and  Rio  Grande,  and  the  coal  chute  at  Las  Cascadas;  under  the  juris- 
diction of  the  Paraiso  shops  are  an  engine  house,  car-repair  shed,  and 
coal  chute  at  Pedro  Miguel. 

At  the  Gorgona  shops  repairs  are  made  to  locomotives,  unloaders, 
spreaders,  and  wooden  car  equipment,  and  such  foundry  and  manu- 
facturing work  done  as  is  necessary.  Practically  one-third  of  the 
output  was  manufactured  material,  including  4^79,237  pounds  of 
gray-iron  castings,  50,000  pounds  of  semisteel  castings,  and  216,947 
pounds  of  brass  and  bronze  castings.  Gray-iron  castings  cost,  for 
labor  and  material,  $0.0359  per  pound  and  brass  castings  $0.1951  per 
pound,  including  the  cost  of  1,462  patterns. 

The  Empire  shops  perform  general  repairs  to  steam  shovels,  steel 
car  equipment,  rock  drills,  and  similar  excavating  machinery.  Of 
the  101  steam  shovels  in  service  during  the  year,  55  were  given  general 
shop  repairs,  costing  $145,479.41  for  direct  material  and  labor  charges. 
As  the  steam-shovel  excavation  was  17,467,161  cubic  yards,  the  cost  of 
general  shop  repairs  to  steam  shovels,  per  cubic  yard,  was  $0.00888. 
The  cost  of  field,  or  running  repairs,  to  steam  shovels,  which,  since 
December  1,  1907,  were  handled  by  the  respective  division  engineers, 
was  for  the  entire  year  $263,554.77,  or  $0.01509  per  cubic  yard  for 
direct  labor  and  material  charges.  At  the  air-compressor  plants 
operated  by  these  shops,  275,000,000  cubic  feet  of  air  were  com- 
pressed per  month,  the  cost  in  June,  1908,  being  $0.0344  per  1,000 
cubic  feet.  ^ 
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Light  repairs  to  all  daases  of  equipment  at  the  southern  end  of  the 
canal  were  handled  at  the  Paraiao  shop,  heavy  repairs  being  done  at 
the  Gorgona  and  Empire  shops. 

^t  the  end  of  the  year  there  had  been  erected  and  made  ready  for 
service  the  following  equipment :  One  hundred  and  one  steam  shovels, 
300  American  and  French  locomotives,  3,451  American  and  659 
French  cars,  20  cranes,  30  unloaders,  9  track  shifters  (manufactured 
on  the  Isthmus),  18  pile  drivers  (16  manufactured  on  the  Isthmus), 
23  bank  or  earth  spreaders,  and  46  unloading  plows.  Maintenance 
and  repair  of  equipment  by  the  mechanical  division,  including  opera- 
tion of  air  compressors,  cost  $1,951,618.79,  and  the  cost  of  equipment 
purchased  during  the  year,  and  other  miscellaneous  machinery,  in- 
cluding erection,  was  $2,590,536.94. 

Sixty-seven  tests  of  machinery  and  equipment  were  made,  which 
included  the  installation  of  oil-burning  apparatus  at  various  boiler 
plants.  The  boiler-inspection  service  inspected  and  tested  3,580 
boilers. 

During  the  year  13,365  16-candlepower  electric  lights  were  installed, 
which  would  supply  this  service  to  all  commission  settlements,  except 
those  to  be  flooded  by  (}atun  Lake.  Three  automatic  fire-alarm  tele- 
graph systems  were  also  installed  by  the  electrical  subdivision  during 
the  year,  and  considerable  other  work  of  a  like  character  was  per- 
formed. 

Municipal  en>gineering. — ^The  work  of  this  division  consisted  of  the 
completion  of  the  waterworks,  sewerage  system,  and  paving  in 
Panama  and  Colon,  the  cost  of  which  is  to  be  reimbursed  to  the 
United  States  through  the  collection  of  water  rates  in  those  cities, 
and  of  the  construction  of  waterworks  and  sewerage  systems,  paving, 
grading,  and  road  making  in  the  Canal  Zone.  The  total  cost  of  the 
work  done  was  $1,067,160.62. 

Work  in  Panama  and  Colon,  as  originally  planned,  is  practically 
completed  and  at  the  end  of  the  year  consisted  of  the  following : 

In  Panama  there  were  60,469  feet  of  water  pipe  laid,  2,093  houses 
connected,  1,090  water  meters  tested  and  set,  and  133  hydrants,  7 
water  cranes,  35  hose  valves,  and  1  venturi  meter  placed ;  67,925  feet 
of  sewer  pipe  laid,  1,019  houses  connected,  and  261  manholes  and  227 
catch  basins  constructed;  66,265  square  yards  of  brick  pavement, 
19,116  square  yards  concrete  pavement,  and  3,572  square  yards  of 
macadam  pavement  laid,  with  51,401  linear  feet  of  concrete  curb. 

In  Colon  there  were  69,280  feet  of  water  pipe  laid,  1,147  houses  con- 
nected, 181  water  meters  tested  and  set,  and  75  hydrants,  2  water 
cranes,  27  hose  valves,  and  1  venturi  meter  placed;  37,896  feet  of 
sewer  pipe  laid,  264  houses  connected,  and  77  manholes  and  77  catch 
basins  constructed ;  0,410  square  yards  of  brick  pavement  and  62,621 
square  yards  of  macadam  pavement  laid,  with  41,267  linear  feet  of 
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concrete  curb  and  1,928  linear  feet  of  basket  gutter.  The  sump  into 
which  all  sewage  flows  was  completed  in  certain  minor  details, 
and  the  D  street  canal,  which  takes  care  of  a  portion  of  Colon  sur- 
face drainage,  deepened,  cleaned,  and  partially  sheet  piled. 

The  total  cost  of  the  above  improvements  in  Panama  is  $1,018,387.27 
and  in  Colon  $894,275.17.  The  cost  of  improvements  in  Panama  does 
not  include  the  cost  of  the  Bio  Grande  and  Ancon  reservoir  and  pipe 
line,  which  are  situated  in  the  Canal  Zone  and  are  to  remain  the 
property  of  the  United  States.  To  defray  a  proper  proportion  of  the 
initial  cost,  $324,469.73,  and  maintenance  of  the  latter  works,  a  fixed 
rental  is  to  be  charged  for  water  supplied  to  the  city  of  Panama. 
The  same  procedure  is  to  be  followed  in  the  case  of  the  Mount  Hope 
reservoir  and  accessory  works,  which  supplies  water  to  the  city  of 
Colon. 

The  maintenance  of  sewers,  waterworks,  and  pavements  in  the  cities 
of  Panama  and  Colon  was  transferred  to  the  division  of  public  works, 
department  of  civil  administration. 

Further  municipal  improvements  in  Panama  and  Colon  are  neces- 
sary, as  a  sanitary  measure,  in  certain  outlying  districts  of  these 
cities  which  have  sprung  up  since  American  occupation,  and  the  im- 
provement of  which  was  not  contemplated  in  the  original  plans.  The 
cost  of  this  work,  which  will  not  be  undertaken  in  the  absence  of  any 
specific  appropriation  by  Congress,  is  estimated  to  be  $1,000,000. 

In  the  Canal  Zone  there  had  been  laid,  up  to  June  30,  1908,  in  con- 
nection with  the  water  supplies  462,951  feet  of  water  pipe,  to  which 
2,820  houses  were  connected,  and  41  tanks,  2  railroad  standpipes,  245 
hydrants,  504  hose  valves,  7  venturi  meters,  36  small  water  meters, 
117  public  taps,  and  13  water  cranes  installed.  Water  is  supplied 
from  4  reservoirs  and  2  pumping  stations,  the  former  located  at  Rio 
Grande,  Camacho,  Gorgona,  and  Brazos  Brook,  and  the  latter  at 
Tabernilla  and  Gatun.  In  addition,  as  auxiliary  and  emergency  units, 
12  additional  pumping  plants  are  maintained  on  the  Zone,  9  of  which 
are  continually  in  service  and  used  to  pump  water  for  the  higher 
levels  of  the  different  towns  fed  by  the  reservoirs. 

The  Rio  Grande  reservoir,  which  has  a  capacity  of  496,670,000  gal- 
lons, supplies  water  to  all  points  south  of  Culebra,  including  Panama, 
Ancon,  and  La  Boca.  The  total  annual  consumption  during  the  year 
was  942,200,000  gallons,  of  which  the  city  of  Panama  used  about 
three-tenths.  At  its  lowest  elevation  during  the  year  this  reservoir 
contained  228,423,000  gallons.  All  water  used  in  Panama  and  Ancon 
passes  through  a  pressure  filtration  plant,  having  a  daily  capacity  of 
1,600,000  gallons,  located  at  Ancon.  In  conjunction  with  the  Rio 
Grande  supply  are  operated  the  Ancon  and  Paraiso  pumping  sta- 
tions, which  furnish  water  for  the  higher  levels  at  Ancon  and  Paraiso, 
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respectively,  and  the  Cucaracha  and  Mount  Zion  pumping  stations, 
which  pump  water  for  the  higher  levels  at  Culebra. 

The  Camacho  reservoir  has  a  capacity  of  295,867,000  gallons  and 
supplies  the  territory  betw^'in  Culebra  and  Bas  Obispo.  The  annual 
consumption  was  131,765,000  gallons.  In  conjunction  with  it  are 
operated  the  Camacho  and  Bas  Obispo  pumping  plants,  the  former 
pumping  water  for  the  higher  levels  at  Empire,  and  the  latter  being 
held  in  reserve  for  use  during  periods  of  low  water  in  the  Camacho 
reservoir. 

The  Carabali  reservoir,  which  is  located  back  of  Gorgona,  has  a 
capacity  of  80,000,000  gallons,  and  furnished  water  to  the  territory 
between  Matachin  and  Mamei.  A  plan  is  under  consideration  to 
increase  the  capacity  of  this  reservoir  to  153,000,000  gallons  during 
the  coming  fiscal  year.  In  connection  with  this  resi»rvoir  are  oper- 
ated the  Gorgona  and  Chagres  River  pumping  stations,  the  former 
pumping  water  for  the  higher  levels  of  Gorgona,  and  the  latter  sup- 
plying water  from  the  Chagres  River  for  boiler  use  at  the  Gorgona 
shops  at  low-water  stages  of  the  Carabali  reservoir. 

The  Brazos  Brook  reservoir,  which  is  located  at  Mount  Hope, 
supplies  the  country  from  Mount  Hope  to  and  including  Cristobal 
and  Colon.  The  annual  consumption  of  this  reservoir,  which  has  a 
capacity  of  641,000,000  gallons,  was  457,544,000  gallons.  All  water 
from  this  reservoir  passes  through  a  sedimentation  basin  and  is  fil* 
tered  before  being  used.  The  Mount  Hope  and  Mindi  pumping 
stations  are  operated  in  conjunction  with  this  reservoir,  the  former 
furnishing  water  to  Cristobal  and  Colon,  and  the  latter,  during 
periods  of  low  water  in  the  reservoir,  to  the  shipyard  and  railroad 
tanks  at  Cristobal  and  a  part  of  Cristobal. 

The  Tabemilla  pumping  plant  supplies  water  to  the  territory 
between  San  Pablo  and  Frijoles.  During  the  year  500,000  gallons 
were  pumped  daily  from  the  Frijoles  River,  This  station  also 
pumped  1,000  gallons  of  distilled  water,  condensed  at  this  plant,  to 
Tabemilla  each  day. 

The  Gatun  pumping  station  is  located  on  the  Gatuncillo  River, 
from  which  water  is  pumped  to  Gatun.  One  thousand  two  hundred 
gallons  of  distilled  water,  condensed  at  this  plant,  were  also  pumped 
to  Gatun  daily. 

In  order  to  afford  additional  fire  protection  to  Ancon,  Panama,  and 
La  Boca,  a  million-gallon  reserve  storage  reservoir  is  to  be  constructed 
on  Ancon  Hill. 

Surveys  were  made  during  the  year  of  the  valley  drained  by  the 
Pedro  Miguel  River,  in  order  to  ascertain  the  supply  which  would  be 
available  for  use  in  connection  with  the  masoniy  work  on  the  locks 
at  Pedro  Miguel  and  Miraflores.    The  lowest  weir  measurement  dur- 
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ing  the  dry  season  showed  a  daily  flow  of  674,000  gallons,  which  it  is 
believed  will  be  ample  for  all  needs. 

Four  fires  during  the  year,  two  at  Panama  and  two  at  Colon, 
demonstrated  the  efficiency  of  the  water  service.  Wastage  and  leak- 
age in  water  supplies  were  largely  prevented  through  an  effective 
water-inspection  service. 

Nearly  98  per  cent  of  all  quarters  constructed  by  the  commission 
have  been  connected  with  the  Canal  2iOne  sewerage  systems,  which,  at 
the  end  of  the  year,  consisted  of  the  following:  217,975  feet  of  sewer 
pipe,  2,163  house  connections,  254  manholes,  and  12  catch-basins. 

The  construction  of  roads  in  the  Canal  2k)ne  progressed  to  meet 
new  conditions  and  to  provide  for  new  quarters  and  other  buildings. 
At  the  end  of  the  year  the  condition  of  road  work  in  the  Zone  was  as 
follows:  172,148  feet  of  macadam  road  built,  438  feet  of  brick  on  con- 
crete bed  constructed,  and  18,133  feet  of  paths  built 

In  addition  to  the  above,  a  system  of  waterworks  and  sewers  was 
constructed,  walks  built,  and  a  floating  landing  stage  placed  in  posi- 
tion at  Culebra  Island,  the  new  quarantine  station  in  Panama  Bay. 
Also  considerable  work  in  the  line  of  municipal  improvements  was 
performed  in  native  settlements,  under  the  jurisdiction  of  the  Canal 
Zone  government,  by  which  the  cost  of  same  was  paid. 

The  Bio  Grande  rock  crusher  delivered  57,329  cubic  yards  of  broken 
stone,  at  a  cost  of  $1.75  per  cubic  yard. 

At  the  end  of  the  year  1,015  men  were  carried  on  the  roUs  of  the 
division. 

Systems  of  cost  keeping  were  established  and  specific  effort  made 
toward  securing  the  most  economical  results  in  performing  work. 

The  total  cost  of  municipal  improvements  in  the  Canal  Zone  has 
been,  for  waterworks  and  sewers,  $2,358,840.44,  and  for  roads,  etc., 
$1,174,778.26. 

BuUding  construction. — ^During  the  year  505  new  buildings  were 
constructed ;  1,147  American  buildings  repaired  on  account  of  deterio- 
ration, and  additions  or  improvements  made  to  423  buildings;  1,178 
old  French  buildings  repaired  on  account  of  deterioration,  and  addi- 
tions and  improvements  made  to  275.  The  total  expenditures  for  the 
year  were  $3,086,138.01,  and  the  average  number  of  men  employed 
was  2,366.  The  average  pay  for  skilled  and  imskilled  labor  per  hour 
was,  for  gold  men,  $0,625,  and  for  silver  men  $0,169.  Of  the  total 
expenditures  of  this  division  for  the  year,  $2,181,913.39  were  spent 
in  the  construction  of  new  buildings,  the  largest  item  of  which  was 
the  construction  of  quarters  for  gold  employees,  which  cost  $982,771.86. 
The  total  cost  of  buildings  constructed  since  American  occupation  to 
the  end  of  the  fiscal  year  has  been  $9,824,089.15,  of  which  amount 

$421,882.64  have  been  spent  for  wire  screening,  with  which  all  build- 
ings are  inclosed. 
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Among  the  more  important  items  of  construction  performed  during 
the  year  are  the  following:  83  hospital  buildings,  37  storehouses^  7 
fire-department  houses,  9  laborers'  bath  houses^  26  laborers'  range 
dosets,  6  fumigation  houses,  5  corrals,  9  schoolhouses,  5  commissaries, 
1  clubhouse,  4  post-offices,  9  office  buildings,  2  lodge  halls,  18  stand- 
ard laborers'  barracks,  5  band  stands,  2  Gallego  mess  halls,  5  hotels, 
4  jails,  8  powder  and  detonator  houses,  4  markets,  35  shop  buildings, 
8  laborers'  washhouses,  3  bridges,  and  200  type  quarters  for  gold 
employees.  There  are  24  different  types  of  living  quarters  for  the 
accommodation  of  gold  employees.  The  total  number  of  buildings 
constructed  since  American  occupation  is  1,462,  and  the  total  number 
on  hand  is  3,813. 

The  Ancon  wood  and  machine  shop  was  operated  during  the  year 
at  a  cost  of  $89,327.87  for  labor,  70  men  being  employed. 

At  the  lirio  planing  mill,  the  principal  manufacturing  shop  of  this 
division,  58  men  were  employed  at  an  annual  cost  of  $55,880.59.  All 
millwork  for  buildings  is  done  at  this  shop. 

At  the  Ancon  stone  crusher,  operated  to  furnish  stone  for  the 
masonry  subdivision,  2,002  cubic  yards  of  stone  were  crushed,  at  a  cost 
of  88  cents  per  cubic  yard. 

At  the  cement  blodc  plant  at  Ancon  17,969  concrete  blocks  of 
various  sizes  were  manufactured,  at  a  cost  of  12^  cents  per  cubic  foot 
These  blocks  were  usekl  in  the  construction  of  vaults,  fire  walls,  pow* 
der  and  detonator  houses  and  chimneys. 

Attention  was  given  to  reducing  the  cost  of  work  in  this  division 
by  (1)  modifying  and  cheapening  the  cost  of  all  type  structures 
through  the  elimination  of  unnecessary  features,  (2)  the  adoption  of 
more  suitable  and  more  satisfactory  materials  and  cheaper  methods 
of  application,  and  (3)  requiring  higher  efficiency  in  the  performance 
of  work  through  comparison  of  detailed  cost  statistics  on  work  done 
in  the  different  districts.  Economic  building  work  was  stimulated 
by  a  comparison  of  the  cost  of  buildings  erected  by  contract.  The 
principal  type  of  buildings  constructed  by  the  commission  are  now 
costing  from  7^  to  9|  cents  per  cubic  foot  for  bachelor  quarters  and 
from  11  to  13  cents  for  family  quarters. 

Further  details  in  connection  with  the  work  of  this  department  of 
construction  are  given  in  Appendix  C. 

SURVEYS. 

A  survey  was  made  of  the  area  to  be  flooded  by  the  lake  that  under 
the  old  project  would  have  been  created  by  the  Sosa-Corozal  and 
Sosa-San  Juan  dams,  the  contours  being  carried  to  elevation  85. 

Two  original  maps  of  the  boundary  survey  showing  the  location  of 
the  monuments  were  prepared  and  submitted  for  action  by  the  Bepub- 
lie  of  Panama. 
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The  Mississippi  Eiver  Commission,  on  request,  kindly  consented  to 
the  temporary  transfer  of  two  precise  level  men  and  outfits  for  the 
purpose  of  running  a  duplicate  precise  level  line  across  the  Isthmus. 
Special  bench  marks  were  designed,  manufactured,  and  placed  in  posi- 
tion at  points  between  the  Atlantic  and  Pacific  by  two  field  parties. 
The  precise  level  line  is  practically  completed. 

The  projection  of  three  general  maps  of  the  Isthmus,  from  data  of 
all  surveys  so  far  made,  was  continued.  At  the  close  of  the  year  the 
1:12,000  map  was  practically  completed,  the  1:40,000  90  per  cent 
completed,  and  the  1 :  100,000  map  projected.  To  embrace  the  entire 
watershed  of  the  Chagres  extengive  surveys  of  the  upper  valley  will 
be  necessary,  and  it  is  anticipated  that  this  work  will  be  accomplished 
during  the  current  year. 

CONSTRUCTION  OF  THE  NEW  PANAMA  RAILROAD. 

The  relocation  of  the  Panama  Railroad  is  made  necessary  by  the 
overflow  of  the  existing  roadbed  on  the  completion  of  the  lock  type 
of  canal.  From  the  Atlantic  terminal  to  Mindi,  about  5  miles,  and 
from  Corozal  to  Panama  and  La  Boca  the  old  line  will  be  used,  but 
between  Mindi  and  Corozal  the  road  will  be  carried  to  the  east  of 
its  present  location  and  at  the  general  elevation  of  95,  or  10  feet 
above  the  normal  surface  of  the  lake.  As  noted  in  the  last  annual 
report,  a  number  of  connecting  tracks  had  been  started  from  the 
operated  line  to  the  new  location,  and  during  July  preparatory  work 
went  forward  rapidly,  but  subsequent  to  this,  due  to  lack  of  funds, 
construction  work  of  a  general  character  was  shut  down  and  confined 
to  such  sections  as  would  materially  aid  in  canal  construction. 

The  old  roadbed  crosses  the  site  to  be  occupied  by  the  Gatim  dam, 
and  in  order  not  to  delay  work  on  this  structure  it  was  necessary  to 
transfer  the  road  to  a  new  location  east  of  the  locks.  The  work  was 
pushed,  and  the  new  line  from  Mindi  to  Tiger  Hill,  a  distance  of  4J 
miles,  is  now  in  operation. 

A  number  of  valleys  north  of  the  Chagres  River  require  heavy 
embankments,  the  material  for  which  can  best  be  obtained  from  the 
Culebra  division.  To  utilize  the  dumps  along  the  new  line  arrange- 
ments were  made  for  the  erection  of  a  bridge  across  the  Chagres 
River,  near  Gamboa,  1,320  feet  in  length.  Concrete  piers  and  abut- 
ments were  built,  the  material  was  received,  and  the  bridge  con- 
structed. To  reach  the  dumps  north  of  Gamboa  approximately  2 
miles  of  the  relocated  line  were  completed. 

The  construction  of  Miraflores  tunnel  was  continued  because  the 
nature  of  the  material  was  to  a  certain  eirtent  xmknown,  and  part  of 
it  gave  indications,  subsequently  verified,  of  being  very  treacherous. 
The  work  has  advanced  sufficiently  to  permit  the  laying  of  concrete 
for  the  lining. 
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Two  concrete  arched  culverts  were  constructed,  one  for  the  flow  of 
the  Pedro  Miguel  River  and  the  other  for  the  Caimitillo  River,  for 
the  embankments  on  which  the  new  line  is  located  south  of  Pedro 
MigueL 

In  addition  to  the  work  of  the  relocation,  the  commission  paid  for 
the  completion  of  the  double  tracking  necessary  for  the  transportation 
of  earth  and  stone  required  for  the  elevation  of  the  track  3  feet  where 
it  crosses  the  spillway  of  the  Rio  Grande  reservoir,  so  as  to  increase 
its  storage  capacity,  and  for  changing  the  viaduct  which  crosses  the 
canal  prism  from  its  location  at  Pedro  Miguel  to  Paraiso,  the  former 
interfering  with  the  construction  of  the  locks,  and  it  furnished  three 
new  spans  for  the  Barbacoas  Bridge. 

The  change  in  the  location  of  the  locks  from  La  Boca  to  Miraflores 
saved  the  construction  of  a  new  line  from  the  Cardenas  River  to  La 
Boca,  as  well  as  the  erection  of  new  wharves.  Subsequent  examina- 
tions of  the  Gratuncillo  bottom  led  to  surveys  with  a  view  to  avoiding 
the  heavy  embankments  through  the  completed  lake,  and  a  new  line 
has  been  tentatively  selected  pending  further  preliminary  surveys. 

Construction  work  for  the  new  line  and  on  the  operated  line  was 
done  by  the  Panama  Railroad  Company.  For  further  details  atten- 
tion is  invited  to  Appendix  6. 

G08T   KEEPINQ. 

Beginning  July  1,  1907,  a  system  of  engineering  cost  keeping  was 
established,  and  monthly  statements  are  prepared  showing  the  cost 
of  each  principal  piece  of  work.  The  cost  is  kept  under  two  general 
heads,  from  division  engineers'  monthly  reports  and  sundry  general 
items.  The  first  includes  all  expenditures  pertaining  to  the  work 
under  the  division  engineers  and  fumishas  a  basis  for  comparing  the 
relative  cost  of  current  work;  the  second  embraces  general  expendi- 
tures, including  general  expenses  of  the  commission,  disbursing  officer, 
examiner  of  accounts,  labor,  quarters  and  subsistence,  material  and 
supplies,  and  miscellaneous  expenditures  on  the  Isthmus,  such  as 
transportation,  travel  expenses,  telegraph,  and  stationery.  There 
are  excepted  from  these  expenditures,  however,  all  charges  of  civil 
administration,  sanitation,  and  municipal  improvements,  such  as 
waterworks,  sewers,  and  roads  within  the  limits  of  the  zone.  These 
expenditures  are  excluded  because  they  are  not  useful  in  a  compara- 
tive statement  of  the  work  proper,  although  necessary  to  the  construc- 
tion of  the  canal  as  a  whole,  and  because  they  were  not  incorporated 
in  the  estimates  of  the  minority  members  of  the  consulting  board, 
whose  plans  are  being  executed. 

Tables  showing  the  results  for  the  fiscal  year  1907-8  are  hereto 
appended,  marked  "  H." 
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The  cost  of  plant  is  not  included  for  the  reason  that  all  plant  neces- 
sary to  complete  the  canal  has  not  yet  been  acquired,  so  that  an 
equitable  distribution  of  this  item  can  not  be  made.  It  includes 
building  construction,  other  than  for  the  departments  of  civil  admin- 
istration and  sanitation,  rolling  stock,  excavating  machinery,  floating 
equipment,  shops,  shop  machinery  and  tools,  railroad  ties,  rails  and 
fastenings,  land  purchased,  docks  and  wharves,  Panama  Railroad 
second  track,  relocation  of  the  Panama  Railroad,  construction  of 
electric-light  plants,  construction  plant  for  quarries,  and  locks  and 
dams.  It  was  deemed  best  to  make  this  statement  in  this  way  for 
the  time  being  rather  than  to  assign  an  arbitrary  figure  which  might 
be  misleading.  The  monthly  cost  of  each  piece  of  work,  as  shown  on 
the  accompanying  tables,  balances  with  the  amount  charged  to  the 
same  work  on  the  books  of  the  disbursing  office. 

MATERIAL  AND  SUPPLIES. 

The  division  of  material  and  supplies  is  charged  with  the  purchase 
and  handling  on  the  Isthmus  of  all  material  needed  in  connection  with 
the  construction  of  the  canal.  Special  classes  of  material  and  supplies 
are  purchased  on  requisitions  by  the  purchasing  department  of  the 
commission  in  the  United  States;  the  stock  of  other  material  is  re- 
plenished as  the  rate  of  consumption  at  the  various  storehouses  along 
the  line  dictates.  This  division  is  also  charged  with  the  care  and 
maintenance  of  local  transportation  and  the  operation  of  the  commis- 
sion printing  plant,  and  of  a  typewriter  repair  shop.  Local  pur- 
chases oil  the  Isthmus  consist  of  materials  and  supplies  which  are  not 
carried  in  stock  and  which  are  urgently  needed ;  they  embrace  largely 
the  purchase  of  supplies  for  engineering  parties,  the  subsistence  de- 
partment, and  the  hospitals. 

Stock  material  for  general  use  is  distributed  from  9  storehouses 
located  at  the  more  important  points  along  the  line,  in  which  are 
stored  those  classes  of  materials  and  supplies  which  are  most  in 
demand  in  the  territory  fed  by  each. 

During  the  fiscal  year  this  division  received  material  valued  at 
$11,607,094.63  and  disbursed  material  to  a  value  of  $11,685,168.33. 
Of  the  material  issued,  $182,894.56  cover  old  French  material  util- 
ized or  disposed  of  during  the  year,  including  scrap  brass,  copper,  and 
cast  iron  used  in  the  foundries  at  the  Gorgona  shops. 

Some  of  the  more  important  items  of  equipment  received  were: 
Thirty-eight  steam  shovels,  800  cars,  10  unloaders,  10  spreaders,  6 
ballast  plows,  9  cranes,  8  dredges,  5  tugboats,  12  steel  barges,  2  air- 
compressor  plants,  172  rock  drills,  13  rock  channelers,  508,000  pounds 
track  bolts,  1,684,000  pounds  track  spikes,  119,150  pounds  angle  bars, 
470,000  tie  plates,  481  15-foot  split  switches,  628  frogs,  15  oil  fuel 
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tanks,  2  launches,  4  concrete  mixers,  1  road  roller,  3  motor  cars,  1 
material-handling  plant,  1 15-ton  rock  crusher,  4  saddle-tank  locomo- 
tives,  19,254^  tons  of  steel  rails,  501,876  ties,  3  electric  cranes,  18 
hoisting  engines,  38,985,521  feet  b.  m.  of  lumber,  34,657  piles,  501,574 
switch  and  cross  ties,  246,000  brick,  8,852,000  pounds  dynamite,  and 
54,000  pounds  blasting  powder. 

During  the  year  the  rebuilding  of  the  large  general  storehouse  at 
Mount  Hope  was  completed  and  the  building  restocked.  New  store- 
houses were  built  at  Bas  Obispo,  Empire,  Culebra,  and  Paraiso,  and 
new  oil  houses  at  Mount  Hope,  Gorgona,  Bas  Obispo,  and  Empire. 
In  addition  the  construction  was  authorized  of  two  storage  magazines 
for  dynamite,  of  300  tons  capacity,  and  two  magazines  for  the  storage 
of  electric  exploders,  blasting  caps,  and  fuses,  with  the  necessary  watch- 
men houses  adjacent  thereto.  One  set  of  buildings  is  to  be  located  in 
the  Mindi  Hills  and  the  other  on  the  Chagres  River  above  Gamboa. 

Local  transportation  is  handled  at  16  corrals,  accommodating  632 
ftnimftls-  The  commission  owns  897  vehicles,  of  which  163  are  wag- 
ons, 119  carts,  25  carriages,  8  wagonettes,  8  ambulances,  54  scrapers, 
and  20  miscellaneous. 

The  stationery  and  printing  plant  supplies  all  the  stationery  and 
printing  required  by  the  commission  on  the  Isthmus.  A  complete 
stock  of  standard  stationery  is  carried  as  well  as  special  supplies  for 
the  engineering  department.  The  printing  plant  consists  of  14 
presses  and  was  operated  to  its  full  capacity  throughout  the  year. 
About  30,513,497  pieces  of  printing  matter  were  turned  out,  at  a  cost 
of  $38,513.10.  Stationery  and  engineering  supplies  were  issued  to  a 
value  of  $32,758. 

Twelve  hundred  and  twenty  men  have  been  carried  on  the  rolls  of 
this  division  during  the  year,  at  a  total  annual  cost  of  $665,126.07. 

Detailed  information  as  to  the  work  of  this  division  may  be  secured 
by  reference  to  Appendix  I. 

LABOR,  QUARTERS,  AND  SUBSISTENCE. 

This  department  is  charged  with  securing  all  skilled  and  unskilled 
labor,  supplies  for  and  custody  of  quarters,  and  the  operation  of 
hotels,  messes,  and  kitchens. 

On  the  resignaticHi  of  Mr.  Jackson  Smith,  Maj.  Carrol  A.  Devol, 
quartermaster,  U.  S.  Army,  was  assigned  to  duty  under  the  commis- 
sion, and  in  the  reorganization  of  the  work  the  duties  of  this  depart- 
ment are  to  be  divided.  To  Major  Devol  will  be  assigned  such  of  the 
duties  of  the  old  department  as  relate  to  labor  and  quarters,  and  there 
will  also  be  added  the  duties  of  the  present  division  of  material  and 
supplies,  with  the  w<»*k  of  which  his  professional  experience  in  con- 
nection with  the  Quartermaster's  Department  of  the  Army  has  thor- 
oughly &miliarized  him.  The  resulting  department  will  be  desig- 
nated the  ^  quartermaster's  department." 
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The  subsistence  feature  will  be  consolidated  with  the  commissaries 
of  the  Panama  Kailroad  and  operated  as  the  subsistence  department 
of  the  commission,  in  charge  of  Maj.  Eugene  T.  Wilson,  Artillery 
Corps,  U.  S.  Army. 

The  separation  of  the  department  into  these  two  departments 
has  been  effected,  but  all  the  details  of  the  organization  scheme  are 
not  yet  complete. 

Labor. — ^A  net  decrease  in  the  skilled  force  was  made  during  the 
year,  yet  there  were  almost  as  many  new  employees  as  in  the  preced- 
ing year,  the  number  of  men  employed  being  5,200  and  5,800,  re- 
spectively, for  the  two  years,  indicating  the  shifting  character  of  the 
force  and  showing  that  it  is  practically  renewed  every  year.  A  radi- 
cal change,  however,  has  taken  place  in  the  source  of  supply.  There 
were  1,828  men  employed  in  the  United  States,  as  against  3,038  the 
year  before,  while  the  number  employed  on  the  Isthmus  has  increased 
from  2,780  to  3,382. 

There  are  approximately  500  more  Europeans  and  1,000  more 
West  Indians  on  the  work  than  there  were  at  the  close  of  the  previous 
fiscal  year.  To  cover  this  increase  and  to  fill  vacancies  caused  by  the 
departure  of  employees  from  the  Isthmus  4,150  West  Indians  and 
8,650  Europeans  were  imported.  As  the  total  excess  of  immigration 
over  emigration  was  nearly  18,000,  the  labor  problem  may  be  con- 
sidered as  solved. 

Quarters. — Approximately  700  American  families  were  brought  to 
the  Isthmus  during  the  year  and  quarters  accommodating  250  families 
were  recommended  for  construction.  While  there  are  a  number  of 
applications  for  quarters  pending,  there  is  no  such  congestion  for 
married  quarters  as  existed  a  year  ago. 

Laborers'  quarters  are  at  present  ample  and  there  is  an  increasing 
tendency  among  certain  classes  of  laborers  to  go  to  the  bush,  or  into 
tenements  in  various  small  towns  along  the  Zone.  While  relieving 
the  commission  of  the  obligation  to  quarter  them,  it  is  an  open  ques- 
tion whether  the  move  has  been  beneficial. 

Subsistence. — At  the  close  of  the  year  20  hotels  were  operated  for 
Americans,  25  mess  halls  for  Europeans,  and  31  kitchens  for  West 
Indian  laborers.  A  system  of  inspection  was  instituted  during  the 
year  ftnd  an  attempt  made  to  improve  the  cleanliness  of  all  classes  of 
messes  and  to  improve  food  supplies. 

For  further  details  as  to  the  work  of  this  department  attention  is 
invited  to  Appendix  J. 

ZONE  GOVERNMENT. 

The  organization  of  this  department,  as  outlined  in  previous  annual 
reports,  remained  unchanged  during  the  year.  The  executive  branch 
includes  the  executive  office ;  the  division  of  posts,  customs,  and  rev- 
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enues;  police  and  prisons;  schools;  fire  protection;  public  works, 
and  the  office  of  the  prosecuting  attorney.  The  judicial  branch  in- 
cludes the  supreme,  circuit,  and  district  courts  of  the  Canal  Zone. 
The  head  of  this  department  also  represents  the  commission  in  its 
relations  with  the  Bepublic  of  Panama  and  foreign  representatives 
accredited  to  Panama* 

The  relations  of  the  commission  with  the  Republic  of  Panama  and 
foreign  representatives  are  satisfactory.  A  number  of  questions 
growing  out  of  the  provisions  of  the  treaty  or  subsequent  agree- 
ments, or  arising  from  the  proximity  of  the  Zone  and  Panama,  were 
settled  satisfactorily,  and  the  officials  of  the  Republic  have  mani- 
fested at  all  times  a  desire  to  aid  the  work  of  the  commission. 

Congressional  legislation  affecting  the  Canal  Zone  includes  the 
provision  respecting  the  use  of  local  revenues  of  the  2k)ne,  the  em- 
ployers' liability  act,  and  the  act  providing  for  compensation  of  gov- 
ernment employees  injured  in  the  performance  of  duty.  By  executive 
order,  the  Chinese-exclusion  law  of  the  Government  of  Panama  was 
extended  to  the  Canal  Zone,  and  trial  by  jury  provided  for  criminal 
prosecutions  wherein  the  penalty  of  death  or  imprisonment  for  life 
might  be  inflicted.  Ordinances  prescribing  building  regulations,  pro- 
viding for  the  impounding  of  stray  animals,  and  revising  the  liquor 
regulations  and  the  schedule  of  general  taxes  and  license  fees  col- 
lected in  the  Canal  Zone  were  enacted  by  the  commission  and  ap- 
proved by  the  Secretary  of  War. 

Posts^  customs^  and  revenues. — ^The  sale  of  postage  stamps  amounted 
to  $72,708.67,  an  increase  of  32  per  cent  over  the  previous  year,  with 
a  corresponding  increase  in  the  volume  of  mail  handled.  Letters  and 
parcels  to  the  number  of  42,089  were  registered,  of  which  about  45 
per  cent  was  official  business.  In  November,  1907,  postal  clerks  were 
placed  on  the  Panama  Railroad  steamers  between  New  York  and 
Colon  to  expedite  the  handling  of  mail  to  and  from  the  United  States. 
Money  orders  of  a  value  of  $4,686,684.98  were  issued,  yielding  a  reve- 
nue of  $19,309.14.  This  is  an  increase  of  more  than  100  per  cent  over 
the  money-order  business  of  the  preceding  year.  New  post-office 
buildings  were  erected  at  Cristobal,  Culebra,  and  Ancon. 

At  the  ports  of  Ancon  and  Cristobal  412  vessels  entered,  aggregat- 
ing 817,868  tons.  The  usual  services  were  rendered  seamen  and  ves- 
sels.   No  duties  or  customs  fees  were  collected. 

On  June  30, 1908,  there  were  1,081  leases  in  force,  covering  building 
lots,  buildings,  and  agricultural  lands,  from  which  the  revenue  de- 
rived was  $17,436.76,  or  over  100  per  cent  more  than  during  the  pre- 
vious year.  On  account  of  distillation  tax,  liquor  licenses,  and  fees 
from  bonding  company  qualified  to  do  business  in  the  Canal  Zone 
$44,748.96  were  collected.  The  general  tax  and  license  receipts  were 
$77,467.47. 
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Daring  the  year  82  estates,  mvolving  personal  value  of  not  over 
$500  each^  were  settled,  and  16  remain  to  be  adjusted.  The  total 
money  handled  on  this  account  daring  the  year  amounted  to  $6,025.75. 

Miscellaneous  collections  made  by  this  division  for  other  depart- 
ments of  the  commission  amounted  to  $22,064L24.  The  total  revenues 
collected  aggregated  $231,666.87,  and  moneys  handled  $1,946,481.84. 

Police  and  prisons. — ^At  the  dose  of  the  year  the  police  force  con- 
sisted of  232  men.  There  were  6/)75  arrets  and  4,731  convictions, 
and  of  the  latter  4,633  were  for  misdemeanors  and  98  for  felony.  At 
the  doee  of  the  year  108  felony  convicts  were  in  the  penitentiary  and 
72  had  been  discharged.  Prisoners  were  employed  on  public  im- 
provements, such  as  the  construction  and  repair  of  roads  and  streets, 
and  accomplished  work  to  the  value  of  $14,856.65,  computed  on  a 
basis  of  10  cents  per  hour.  The  cost  of  guarding,  subsisting,  and 
clothing  prisoners  so  employed  was  $20,779.78. 

In  civil  cases  1,640  writs  of  process  were  served  by  the  chief  of 
police  in  his  capacity  as  marshaL  He  is  also  warden  of  the  peni- 
tentiary and  coroner  of  the  Canal  Zone,  in  which  latter  capacity  he 
investigated  140  deaths. 

Schools. — Schools  were  maintained  for  white  children  at  11  places, 
and  for  colored  children  at  15  places,  along  the  line  of  the  canal.  In 
the  former  721  pupils  were  enrolled  and  in  the  latter  2,146.  New 
school  buildings  were  completed  at  Ancon,  Paraiso,  Culebra,  Em- 
pire (2),  Las  Cascadas,  Bas  Obispo,  Gatun,  Cristobal,  and  Colon 
Beacbu 

Fire  protection. — ^Paid  fire  companies  were  organized  and  installed 
at  Gorgona,  Empire,  Culebra,  and  Ancon.  Each  company  consists 
of  4  men  and  is  provided  with  a  hose  wagon  equipped  with  extension 
ladder,  straight  roof  ladder,  and  1,000  feet  of  hose.  There  is  also  a 
paid  fire  company  at  Cristobal,  and  18  volunteer  companies,  equipped 
with  hose  reels  and  hose,  located  at  various  points  along  the  line. 
Electric  fire-alarm  systems  were  installed  at  Grorgona,  Empire,  Cule- 
bra, and  Ancon.  For  the  protection  of  docks  at  Cristobal,  Colon,  and 
La  Boca  two  tugs  were  equipped  with  fire  pumps  and  hose.  There 
were  63  alarms  of  fire  in  government  property  valued  at  $1,097,619.46, 
and  the  total  loss  was  $46,170.50.  The  companies  at  Cristobal  and 
Ancon  cooperate  with  the  Colon  and  Panama  firemen  in  protecting 
property  in  those  cities. 

Public  works. — On  June  80,  1908,  there  were  1,189  water  connec- 
tions in  Panama  and  318  in  Colon,  exclusive  of  commission  and 
Panama  Railroad  connections.  The  charge  for  water  furnished  the 
city  of  Panama  is  80  cents  per  1,000  gallons,  with  5  per  cent  discount 
for  payment  in  fifteen  days  from  end  of  quarter,  and  in  Colon  50  cents 
per  1,000  gallons,  with  a  discount  of  10  per  cent.  The  collections 
from  private  consumers  in  Panama  were  $42,568.25  and  in  Colon 
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$25^83.90.  In  Panama  the  per  capita  daily  consumption  was  12.98 
gallons,  and  the  average  annual  cost  per  connection  was  $51.93 ;  in 
Ck>lon  the  per  capita  daily  consumption  was  53  gallons,  and  the  annual 
charge  per  private  connection  $119.05.  At  the  close  of  the  year  there 
were  75  private  connections  to  the  Zone  water  systems,  on  account  of 
which  collections  amounted  to  $2,772.37. 

New  public  markets  were  constructed  at  Pedro  Miguel,  Paraiso, 
Culebra,  Las  Cascadas,  and  Tabemilla,  which,  with  the  markets  at 
Empire,  Gorgona,  and  Cristobal,  made  eight  in  operation. 

Prosecuting  attorney. — ^Information  was  filed  in  the  circuit  courts 
by  the  prosecuting  attorney  against  366  persons,  of  whom  192  were 
convicted.  The  general  civil  legal  business  of  the  commission  is  han- 
dled under  the  direction  of  the  general  counsel  in  the  legal  depart* 
ment. 

Courts. — ^The  supreme  court  held  17  sessions  during  the  year,  act- 
ing on  eleven  decisions  of  the  circuit  courts  in  4  criminal  and  7  civil 

C&9c8« 

In  the  circuit  courts  criminal  cases  were  filed  against  366  persons, 
of  whom  192  were  convicted  and  56  acquitted.  Twenty-four  cases 
were  still  pending  and  the  balance  have  been  dismissed.  Sixty-five 
civil  cases  were  disposed  of,  out  of  a  total  of  111  on  the  docket. 

In  the  district  courts  criminal  cases  were  filed  against  5,776  per- 
sons, of  which  all  but  25  had  been  acted  on  at  the  close  of  the  year. 
Fourteen  civil  cases  were  pending  at  the  end  of  the  year,  of  the  433 
which  had  been  filed. 

Canal  Zone  funds. — ^At  the  beginning  of  the  fiscal  year  there  were 
$144,858.09  in  the  Zone  treasury;  $283,906.17  were  collected  during 
the  year  and  $183,501.95  expended,  leaving  a  balance  on  hand  at  the 
close  of  the  year  of  $244,762.31.  Of  the  money  expended,  $47,175.03 
were  for  public  works  and  improvements  in  the  Zone,  $35,749.47  for 
the  maintenance  of  public  schools,  $99,673.21  for  the  maintenance  of 
the  postal  service,  and  $904.24  for  contingent  and  miscellaneous 
expenses. 

For  further  details  of  the  work  of  this  department  see  Appendix  K. 

BAKrrATION. 

The  work  of  this  department  is  twofold ;  it  is  charged  with  gen- 
eral sanitary  work  of  the  Zone,  as  well  as  of  the  cities  of  Panama  and 
Colon,  whidi  includes  the  collection  of  garbage,  the  removal  of  night 
soil,  fumigation,  disinfecting,  cleaning  of  streets,  draining  and  filling 
swamps,  cutting  of  grass  and  removal  of  vegetation,  minor  repairs 
to  screening,  and  ditching  and  tiling  work  for  drainage ;  also  the  care 
of  the  sick  and  the  maintenance  of  the  hospitals. 

As  the  work  of  construction  expanded,  the  work  of  sanitation  cor- 
respondingly increased  by  reason  of  the  establishment  of  new  settle- 
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m^tA.  During:  the  year,  on  this  account,  work  in  the  vicinity  of 
0>miito,  Santa  Oma,  and  Porto  Bello,  was  added,  and  that  at  San 
J^fhln  and  Matachin  waa  increased.  The  general  health  conditians 
»m  indi^ativ^^  of  the  ^iccesa  obtained. 

Cifmpvi^l  health  (V^nditiona  depend  iipon  proper  policing  of  quarters, 
f^f*f\r\ng  and  mainta^ining  a  wholesome  water  supply,  and  good  sewer- 
»jp*,  -m  Wi»ll  a«  i«ich  sanitary  work  as  is  outlined  above.  The  presoit 
/^imrf^nnnaafer'.H  department  is  charged  with  the  care  of  quarters  and 
^p^er^l  pnlicinf^f;  the  engineering  department  is  charged  with  water 
-Pipply  and  seweragi^,  and  the  sanitation  department  maintains  a  til- 
Ini?:  ip^nflf  and  dit/*hing  gang.  The  quartermaster's  department  must 
maintain  ^t^ffs^  for  policing  and  grass  cutting  in  connection  there- 
wit  h  in  the  »ime  f^^rritory  that  the  sanitation  department  has  its 
fi\r^A  of  laborers  on  sanitary  work;  either  department  is  fully 
<*qnipped  to  do  the  work  of  the  other.  Although  the  end  in  each  case 
i«  f hft  ^me-  -  the  general  bettering  of  health  conditions — ^the  objects 
«wviflrht.  are  to  some  ezt^it  different,  in  that  the  sanitary  work  is  un- 
derfalren  tr>  reduce  the  breeding  places  of  malarial  and  yellow- fever 
iTirytKr^^ufrtt^,  After  careful  consideration  it  was  concluded  that  econ- 
omy would  rftsnlt,  friction  be  removed,  and  responsibility  definitely 
fix^fl  if,  in  addition  to  the  work  of  policing  and  grass  cutting  in  the 
vicinity  of  quarters,  the  quartermaster's  department  gangs  were 
/*harflff>d  with  the  collection  of  garbage,  the  removal  of  night  soil,  and 
the  cutting  of  grass  and  brush  for  the  sanitation  department,  and  if 
the  tiling  and  drainage  were  carried  on  by  the  construction  forces  of 
the  engineering  department.  With  the  approval  and  consent  of  the 
chief  ??anitary  officer,  the  transfer  of  these  duties  will  be  made  effective 
September  1,  and  in  order  that  no  impairment  of  sanitary  conditions 
may  result,  the  quartermaster's  department  is  to  perform  such  grass 
and  bmsh  cijtting  as  may  be  designated  by  the  various  sanitary 
inspectors,  and  the  division  engineers  are  to  drain  such  areas  as  the 
chief  sanitary  officer  may  prescribe,  in  accordance  with  plans  and 
upon  data  furnished  by  him. 

If,  with  the  shifting  character  of  the  population,  the  death  and 
sick  rate  can  be  taken  as  a  criterion  for  general  health  conditions,  they 
have  been  considerably  improved,  for  with  an  average  of  43,057 
names  on  the  pay  rolls  the  death  rate  per  thousand  was  18.32,  less 
than  half  that  of  the  previous  year.  For  the  white  force,  taken  at  an 
average  of  12,058,  given  by  the  pay  rolls,  the  rate  was  15.34  per  thou- 
sand, and  with  a  force  of  blacks  averaged  at  30,909,  the  death  rate  was 
19.48  per  thousand,  less  than  half  that  of  the  previous  year.  The 
large  decrease  in  the  death  rate  among  the  blacks  is  attributed  to 
better  sanitation,  but,  primarily,  according  to  the  statements  of  the 
doctors,  to  the  better  food,  enabling  them  to  offer  greater  resistance 
to  disease. 
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At  the  begiimiiig  of  the  year  1,139  patients  remained  in  the  hos- 
pitals, and  during  the  year  27,528  were  admitted  for  treatment;  of 
this  number  929  died,  1,138  were  still  undergoing  treatment  at  the 
dose  of  the  year,  and  the  balance  were  discharged. 

The  two  hospitals  at  Ancon  and  Colon  at  present  care  for  most  of 
the  sick.  About  20  sick  camps  along  the  line  care  for  the  slightly 
sick,  and  the  more  seriously  ill  who  are  waiting  for  the  hospital  train 
to  take  them  to  the  terminal  hospitals.  The  old  building  at  Culebra 
was  converted  into  a  hos^tal  for  penitentiary  patients,  though  still 
used  as  a  sick  camp  for  that  station. 

For  farther  details  see  Appendix  L. 

DISBUBSING  OFFICE. 

At  the  beginning  of  the  fiscal  year  this  office  had  charge  of  time 
inspection,  preparation  of  pay  rolls,  vouchers,  issuance  of  commissary 
and  hotel  books,  and  the  disbursements  of  moneys  on  the  Isthmus. 
Under  executive  order  of  August  15,  1907,  reorganizing  the  account- 
ing methods  of  the  commission,  the  duties  of  time  inspection  were 
assigned  to  the  examiner  of  accounts,  and  that  of  keeping  the  prop- 
erty records  and  general  books  of  the  commission  was  transferred  to 
the  disbursing  office. 

Several  changes  in  the  organization  were  made  in  the  interests  oif 
economy ;  the  more  important  were  the  substitution  of  monthly  pay- 
ments to  all  employees,  laborers  formerly  being  paid  semimonthly; 
preparation  and  checking  of  pay  rolls  in  division  offices  instead  of  in 
the  disbursing  office;  and  the  elimination  of  duplicate  property 
records  in  the  division  of  material  and  supplies,  this  record  now  being 
kept  by  a  force  from  the  disbursing  office  located  in  the  office  of  the 
chief  of  the  division  of  material  and  supplies. 

During  the  year,  disbursements  on  the  pay  rolls  of  the  commission 
amounted  to  $18,062,000,  the  average  payment  per  month  to  employees 
on  the  gold  roll  being  $125.80,  and  on  the  silver  roll  about  $40  gold 
per  month. 

For  further  details  of  this  office  see  Appendix  M. 

EXAMINATION  OF  ACCOUNTS. 

This  department  was  created  by  executive  order  of  August  15, 1907, 
when  the  positions  of  general  auditor  and  local  auditor  were  abol- 
ished. Its  duties  embrace  the  administrative  examination  of  the  dis- 
bursing officer's  accounts,  before  their  transmission  to  the  Auditor  for 
the  War  Department ;  the  inspection  of  the  accounts  of  all  officials  of 
the  commission,  on  the  Isthmus,  charged  with  the  care  of  funds  or 
property ;  time  inspection,  by  which  the  time  books  in  the  hands  of 
the  timekeepers  and  foremen  engaged  upon  the  work  of  all  depart- 
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ments  is  checked;  and  checking  collections  made  by  the  disbursing 
officer  from  the  record  of  claims  payable  to  the  commission. 

The  examiner  of  accounts,  in  addition  to  the  work  outlined  above, 
is  also  auditor  for  the  Canal  Zone. 

The  work  done  by  the  department  during  the  year  is  outlined  in 
Appendix  N,  which  contains  a  statement  of  receipte  and  expenditures 
of  Canal  Zone  funds,  as  required  by  existing  law. 

GOMMISSABT. 

Under  the  reorganization  already  effected,  the  commissary  is  oper- 
ated by  the  subsistence  officer  of  the  commission,  under  the  direction 
of  the  president  of  the  Panama  Railroad. 

Through  its  18  branch  stores,  located  at  the  more  important  points 
along  the  line  of  work,  the  commissary  supplies  ice,  meats,  bread, 
pies,  cakes,  ice  cream,  and  groceries  of  all  kinds,  as  well  as  laundry 
service,  to  the  hotels,  messes,  and  kitchens,  and  to  employees  of  the 
commission.  The  value  of  the  commodities  sold  during  the  year  ag- 
gregated $3,736,607.11.  Of  the  branch  commissaries,  five  were  con- 
structed since  the  last  report,  at  East  La  Boca,  Bio  Grande,  Culebra, 
Empire,  and  Las  Cascadas.  In  addition,  coffee-roasting,  ice-cream, 
and  pie  and  cake  baking  plants  were  added  to  the  equipment  of  the 
inain  commissary  at  Cristobal. 

An  average  of  742  employees  were  carried  on  the  rolls  of  this  de- 
partment, at  an  annual  cost  of  $430,343.75. 

BECBEATION  FOR  EMPLOYEES. 

During  the  year  type  lodge  and  church  buildings  were  constructed 
at  Paraiso  and  Gorgona,  and  5  band  stands  erected,  one  each  at 
Ancon,  Paraiso,  Las  Cascadas,  Bas  Obispo,  and  Cristobal.  In  the 
church  and  lodge  buildings  religious  services  are  held  on  the  lower 
floor  and  meetings  of  secret  orders  and  societies  on  the  upper  floor. 
The  band  maintained  by  the  commission  plays  every  Sunday  after- 
noon at  some  locality  on  the  line. 

The  four  commission  clubhouses,  located  at  Culebra,  Empire,  Gor- 
gona, and  Cristobal,  operated  under  the  management  of  the  Young 
Men's  Christian  Association,  were  very  successful  in  the  accomplish- 
ment of  the  work  for  which  constructed,  and  it  is  believed  that  an 
equal  number  should  be  built  at  other  important  points. 

Further  details  of  the  operation  of  these  clubhouses  are  given  in 
Appendix  O. 
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MOKET  8TATSMSNT. 

June  28,  1902: 

Canal    connectiiig    Atlantic    and    Padflc 

oceans 910, 000, 000. 00 

Dec.  21, 1905 : 

Canal    connecting    Atlantic    and    Padflc 

oceans 11, 000, 000. 00 

Fd>.  27,  1906: 

Material  purcbases  in  United  States 1,000,000.00 

Mlscellaneons  expenses  on  Isthmus 400,000.00 

Panama  Railroad  and  second  main  trade 200, 000. 00 

Isthmus  pay  rolls 2,100,000.00 

Salaries  and  incidental  expenses  in  United 

States 70, 000. 00 

Equipment  purchases 1,660,780.00 

Reequipment  of  Panama  Railroad 600, 000. 00 


Total  available  appropriations  to  June  SO,  1006 928,900, 786.00 

June  90, 1906: 

Eipenses  in  United  States 9868,242.60 

Salaries 9261, 063. 88 

Incidental  expenses 117,170.36 

Construction,  engineering,  and  administra- 
tion     21, 018, 687. 24 

Pay  of  oiBcers  and  em- 
ployees  92, 600, 612. 00 

Pay  of  Skilled  and  un- 
skilled labor 8, 660, 661. 00 

Material  purchases 0,082,814.24 

Inddental   expenses   on 

Isthmus 784, 560. 00 

CivU  adminlstraUon 968, 200. 00 

Pay  of  officers  and  em- 
ployees        600, 000. 00 

Pay  of  skilled  and  un- 
skilled labor- 60, 000. 00 

Material  and  incidental 

expenses 818, 200. 00 

Sanitation  and  hospitals 2, 101, 486. 16 

Pay  of  officers  and  em- 
ployees.        600, 000. 00 

Pay  of  skilled  and  un- 
skilled labor 679, 068. 00 

Material  and  incidental 

expenses 822, 867. 16 

Reequipment  of  Panama  Railroad 1, 000, 000. 00 


Total  appropriations,  year  1907 26^466,415.08 

liar.  4,  1907:  ^ 

Expenses  in  United  States 268, 000. 00 

Salaries 9164, 000. 00 

Inddental  expenses 60,000.00 
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Mar.  4,  1907— Continued.         ^ 

Construction,  engineering,  and  administra- 
tion   $20,366,000.00 

Pay,    officers    and    em- 
ployees   $2, 772, 000. 00 

Pay,     skilled    and    un- 
skilled labor 7,990,000.00 

Material    purchases 9,046,000.00 

Incidental  expenses  on 

Isthmus 558,000.00 

Civil    administration 825, 000. 00 

Pay,    officers    and    em- 
ployees          486,000.00 

Pay,    skilled    and    nn- 

skilled   labor 50,000.00 

Material  and  incidental 

expenses 289,000.00 

Sanitation  and  hospitals 2,034,000.00 

Pay,    officers    and    em- 
ployees          766,000.00 

Pay,     skilled    and    un- 
skilled  labor 468,000.00 

Material  and  incidental 

expenses 800,000.00 

Reequlpment  Panama  Railroad 1,385,000.00 

Redemption  Panama  Railroad  Co.  bonds—      2,298,367.50 
Feb.  15,  1908: 

Expenses  in  the  United  States 18, 600. 00 

Salaries $18, 600. 00 

Construction,  engineering,  and  administra- 
tion      11,990,400.00 

Pay,    officers   and   em- 
ployees          $210,700.00 

Pay,    skilled    and    un- 
skilled   labor 5,536,300.00 

Material    purchases 6,085,700.00 

Incidental  expenses  on 

Isthmus 157,700.00 

Sanitation  and  hospitals 169,900.00 

Pay,    skilled    and    un- 
skilled  labor 169,900.00 


Total  appropriations,  year  1908 $39, 340, 267. 50 

May  27,  1908: 

Expenses  in  the  United  States 176, 000. 00 

Salaries $149,000.00 

Incidental  expenses 27,000.00 

Construction,  engineering,  and  administra- 
tion     23, 450, 000. 00 

Pay,   officers   and   em- 
ployees   1 $3,400,000.00 

Pay,    skilled    and    un- 
skilled  labor 8,400,000.00 

Material  purchases 11,250,000.00 

Incidental  expenses  on  (^ 

Isthmus 400,000.00 
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May  27»  1908— Continned. 

Civil  administration $241. 000, 00 

Pay,   officers  and   em- 
ployees          $225,00a00 

Pay,    skilled    and    mi- 

skilled  labor 16,000.00 

Sanitation  and  hospitals 1*870^000.00 

Pay,    officers  and   em- 
ployees   700, 000. 00 

Pay,    skilled   and    on- 
skilled  labor 500,00a00 

Material    and    inciden- 
tal expenses 878,000100 

Reequlpment  Panama  Railroad 1,100,000.00 

Relocation  Panama  Railroad 1,085,000.00 

For  pnrcbase  of  two  steamers 1, 550, 000. 00 


Total  appropriations,  1909 _  120,177,000.00 


Totol  appropriations 120,004,468.58 

Expenditures, 

Construction  of  canal $57,307,846.47 

Bnlldinss 8, 548, 068. 90 

Panama  waterworks  and  sewers 1,342,857.00 

Colon  waterworks,  sewers,  and  paving 894, 275. 17 

Settlements  with   Panama  Railroad   Company 

and  others  in  suspense 221, 172. 72 


Total,  construction  ai^  engineering $68, 365»  320. 26 

Government  of  the  Canal  Zone 2,146,006.77 

BnUdlngs 487, 121. 21 

Zone  highways 1, 174, 778. 26 


Total,  civil  government 8, 758, 896. 24 

Sanitation  and  hoq>italB 7, 171, 315. 46 

Buildings 837, 299. 04 


Total,  sanitation  and  hospitals 8,008,614.50 

licwns  to  Panama  Railroad  Co 4,874,810.54 

Purchase  of  Panama  Railroad  stock 157, 118. 24 

Purchase  of  real  estate  outside  of  canal  construction 59, 433. 36 

Balance  due  by  laborers  for  their  transportation 31,728.61 

Services  rendered  and  material  sold  individuals  and  companies..  2, 327, 348. 24 


Total 87, 082, 764. 09 

Amount  unpaid  on  pay  rolls $1,678,417.72 

June,  1908.  rolls $1,487,780.88 

Prior  months 190,636.84 


Value  of  material  received  from  the  New 
Panama  Canal  Co.  and  used  in  work  or  sold 
included  in  above  and  credited  to  purchase 
price  of  canal 831, 84a  72 


2, 609, 766. 44 


Total  expenditures 84, 572, 998. 55 

Balance  avaiUble  July  1, 1908 36,891, 470.08 

Total 120,964,468.58 

5794S~4)6 8 
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WAdKranfiorcksr  onniGS* 


Ciu&r  iSk»  cnsnCnRc  oirdsr  ^f  Aizgusli  l^  IdOT^  line  pGnrdiw»  of 
mater&fcjft  aoid  sip^Jieff  waa  plja«ed  vander  tht  senpernsMm  of  the  Chief 
^  'Enjgaums^  C  %.  Armj^  w&cv  wi»  aufthoriacd  to  MianntaiTi  a  pur- 
gftttmiiy  (SsguartmeBlt  ia  t&e  odEee-  of  the  Tgitlimiif.aw  Cmoal  CooimissDoii^ 
at  WaffhangtoiL.  The  followin]^  (£Tiia«n5  of  work  unere  establi^icd 
Tuuiflr  1^  dureetiooi  «£  the  gooKnl  psrehasng:  oSecr^  who  slso  acts 
ati  «&iieff  df  dfiee:  Gcmeral  oAee^  geocnl  eovDseL  dLJmraLcig  oflke, 
aHRikcanfi  exaonin^r  of  aeeocmtd;  eppoiatiDezLt^  cocTespecLiiea^e*  and 
neexd  (Si-vismoay  xnd  paedaemg  depttrtmeot.  A  peiit  of  the  isqpect- 
mg  mjguwev^s  odke  was  tnssfimed  front  New  York  to  Wadbtington. 

l>fx^i;g  tBe  j&sr  %L90  persons  in  the  United  States  were  taukred 
0p|Mmt]&«ts  on  ther  lalhmiBi,  eoferin^  134  dilTerciLt  positioBs,  and 
1^7  aeseptal;  and  S,39T  pcrseos  were  prorided  with  trazisportation 
Iran  the  United  Slaites  to  the  lalhmns. 

I>Gamg  the  jear  the  dishorsmg  oficer  in  the  United  States  paid 
IO,d^  ciata»r  having  a  rakhst  of  $I3^729^S^5L 

The  pomhaee  of  all  snpplies  and  materials  for  comznisaoo  use 
i»  fKnder  the  srxperriAioa  of  the  general  porrhasing  oflker  in  Wash-  . 

mgUm   (ussigaed  far  this  dntj  from  the  Engineer  Corps^  U.  S.  } 

Army)  ^  with  assistant  purchasing  and  shipping  agents  in  Xe'w  York, 
New  Orleans,  and  San  Franciscou  A  similar  office  at  Tacomar  Wash, 
wzA  discontmned  om  Jane  30,  and  the  woric  tlken  over  by  the  United 
States  en^neer  office  at  Seattle  and  the  Washingt<Mi  office.  Circolar 
inTTtatioffis  for  bids  are  prepared  from  requisitions  received  from  the 
I^hmns  and  dL^ributed  throoghoat  the  countrj;  the  practice  of 
allowing  bids  to  cover  delivery  of  materials  on  the  Isthmus  has  given 
all  5iiectIons  eqnal  opportunity  in  submitting  proposals. 

I>fttdila  of  the  work  of  the  office  are  given  in  Appendix  P. 

Keapef^fully  siibtnitted. 

Geo.  W.  Goethai^ 

Lientenani-Cohynel^  Carps  of  Engineers,  U.  S,  Jr^ty, 

Chairman  and  Chief  Engineer. 
Hori,  Ltrxa  E,  Wright, 

Secretary  of  War,  WaJihington^  Z>.  C. 
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BEPOBT  OF  MAJ.  D.  D.  OAHLABD,  COBPS  OF  EH0IHEEB8,  XT.  8. 
ABMY,  KEMBEB  OF  ISTHHIAH  CAVA!  COIIMISSIOH,  HEAD  OF 
THE  DEPABTMEVT  OF  EZCAVAHOH  AHB  DBEDOIHG. 


CuLEBBA,  Canal  Zone,  July  Sly  1908. 

Sib:  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions in  the  department  of  excavation  and  dredging  for  the  fiscal 
year  ending  June  30,  1908 : 

This  department  embraces  the  Culebra  division,  Chagres  division. 
Colon  dredging  division,  and  La  Boca  dredg[ing  division. 

The  total  amount  of  material  removed  during  the  fiscal  year  in  the 
department  of  excavation  and  dredging  is  given  in  the  following 
table: 

Ctiblc  yards. 

GiUebra  division 12, 065, 138 

CliagTes  diviaion 1. 774, 124 

Colon  dredging  division 5,624,582 

La  Boca  dredging  division 5,328,858 

Total 24, 792, 703 

The  details  of  the  work  accomplished  in  each  division  are  given 
in  what  follows: 

CuLEBBA  Division. 

This  division  extends  from  the  point  where  the  canal  first  crosses 
the  Chagres,  in  the  vicinity  of  Gamboa,  to  the  south  end  of  the  lock 
site  at  Pedro  Miguel,  a  total  distance  of  9.2  miles. 

The  total  amount  of  material  excavated  in  the  Culebra  division  for 
the  fiscal  vears  ending  June  30,  1904,  1905,  1906,  1907,  and  1908,  is 
given  in  the  following  table  :^ 


Flaeftlyear 

endinff 

Jnxie8i>. 

Ftam  canal  prlam. 

Total  excavation,  IncludlnR  canal  priura 
and  acceasory  works. 

Earth. 

Rock. 

Not  claa- 
■ified. 

Total. 

Earth. 

Rock. 
Cu.y<U. 

Not  claA- 
biflcd. 

Cu.yd*. 

60,107 

183,366 

"29*643" 

Total. 

1904 

(ht.  ydf .       Cu.  yd$. 
) 

Cu.ydi. 

60,107 

168,866 

Cu.  ydi. 

60.107 

741,644 

1.606.562 

5.570,432 

11,685,254 

Ott.  y(i«. 

Ou.ydt. 
60,107 

1906 

827,404 

764,827 

2,286,199 

8,889,189 

280,875 

742,285 

8,282.233 

7,828,U6 

827,404 

764,827 

2,413,358 

4,163.485 

280.875 

742,235 

3,325,613 

7,901,703 

741,644 

1906 

1.506.562 

1907 

5, 76«.  014 

19QS 

12. 065. 188 

Total.. 

7,289,009 

13,061,468 

248,472 

19,668,999 

7,668,524 

12,200,426 

272,515 

20,141,466 

The  amount  of  material  removed  during  each  month  since  the 
United  States  assumed  control  in  May,  1904,  is  shown  graphically  on 
the  accompanying  plate : 
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It  is  interesting  to  note  the  gradual  increase  in  the  amount  of  work 
done,  but  in  considering  the  plate  and  tables  it  must  be  remembered 
that  previous  to  January  1,  1907,  much  of  the  work  was  of  a  pre- 
paratoiT  nature  and  consequently  the  output  was  necessarily  less 
than  when  the  shovels  had  been  established  on  a  regular  working 
basis.  Moreover,  the  avera^  number  of  steam  shovels  has  gradually 
increased  from  20  in  the  first  part  of  the  last  fiscal  year  to  41  for 
the  fiscal  year  ending  June  30,  11)08. 

The  following  table  shows  the  amount  of  material  excavated 
monthly  in  the  Culebra  division  during  the  fiscal  year  ending  June 
30,  1908  (place  measurement) : 


H<nth. 


19017. 


July.... 


October 

KoTcmber 

December. 


lOQO. 


lamiAiy.. 

T^brtutiy 

Mareh... 

June 


Total  excavation,  inrliidini;  canal 
priHiu  anil  tucefaatry  vrorkn. 

EarUi. 

Bock. 

ToCaL 

Earth. 

Rock. 

Total. 

222,620 
299,613 
223,836 
263,698 
216,862 
887,068 

868,000 
422,782 
467.113 
426,066 
800,883 
202,278 

688.060 
487,298 
629.462 
673,293 
562,998 
618,968 

782.244 
763,970 
749,161 
764,100 
029,846 
886,790 

770.670 

786,  W16 
753,288 
826, 891 
778,860 
1,006,026 

1,160.884 
1,176,752 
1,216,264 
1,190,156 
980,179 
1,099,068 

232, 520 
2V»,613 
224.016 
261.206 
227.634 
406,517 

424,930 

478.  (.64 
522,  ^58 
471,574 
325.584 
2nM,319 

538,050 
4M7,2.=i3 
529,452 
573.293 
f«62, 998 
618,968 

flO'2.092 
769. 601 
7t*.0'27 
771.000 
635.256 
845, 715 

770.570 

763.468 

834,499 

790,682 

1,026,486 

1,227,022 
1,24M,'265 
1,290.885 
1,212,574 
960,840 
1,131,082 

8.869,189 

7,826,115 

11, 686, 251 

4,163,43.> 

7.901,703 

12,065,138 

It  will  be  seen  from  the  above  table  that  the  maximum  monthly 
amount  of  material  excavated  in  this  division  during  the  fiscal  year 
was  1^90,885  cubic  yards^  removed  in  March.  This  amount  is  more 
than  two  and  one-half  times  the  maximum  monthly  excavation  as 
[iven  in  available  records,  made  bv  the  French  in  the  Culebra 
[ivision,  their  highest  monthly  total  in  this  division  being  502.250 
cubic  yards  in  February,  1886. 

Witn  the  exception  of  59,778  cubic  yards  of  material,  removed  by 
hand  from  the  quarry  in  the  canal  prism  at  Bas  Obispo,  all  material 
is  handled  by  steam  shovels  and  dirt  trains,  and  is  carried  to  dumps 
situated  at  distances  varying  from  1  mile  to  24  miles,  the  average 
haul  at  present  being  about  10  miles. 


BLASTING. 


The  total  amount  of  material  actually  mined  during  the  fiscal 
year  was  8,106,716  cubic  yards. 

During  the  year  66  well  or  mechanical  chuni  drills  were  in  opera- 
tion and  241  air  drills.    All  drills  are  run  by  compressed  air. 
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The  number  of  linear  feet  of  holes  drilled  during  the  fiscal  year 
were  as  follows: 


I 

1 


steam  and  air  drilling 

Well  or  mechanical  cnom  drilling 
Handdxilling 

Total 


Linear  feet 


Miles. 


1,224,902 
613,668 
210,461 


2,048,931 


281.99 

116.20 

89.86 


888.06 


The  quantity  of  explosives  used  during  the  year  amounted  to  a 
total  of  2,362  tons,  costing  $597,276.63. 


STEAM  SHOVELS. 


The  total  number  of  steam  shovels  assigned  to  the  Culebra  division 
during  the  fiscal  year  was  69. 

These  shovels  were  of  five  sizes,  46-ton  Bucjrrus,  70-ton  Bucyrus, 
96-ton  Bucyrus,  Model  No.  60  Marion,  and  Model  No.  91  Marion, 
with  dipper  capacity  of  If,  2J,  5,  2^,  and  5  cubic  yards,  respectively. 

The  number  of  cubic  yards  excavated  per  hour,  while  under  steam, 
by  shovels  averaged  123  for  the  present  fiscal  year,  as  compared  with 
88  for  the  previous  fiscal  year,  an  increase  of  about  40  per  cent. 

The  largest  daily  output  during  the  year  was  made  by  steam 
shovel  No.  226,  a  96-ton  shovel,  which  in  eight  hours  took  out  3,670 
cubic  yards  of  earth. 

The  largest  monthly  output  was  made  by  steam  shovel  No.  219,  a 
96-ton  shovel,  which  in  twenty-four  working  days  took  out  63,048 
cubic  yards  of  rock. 

The  largest  annual  output  was  made  by  steam  shovel  No.  222,  a 
95-ton  shovel,  which  excavated  during  the  fiscal  year  387,163  cubic 
yards  of  rock  and  14,846  cubic  yards  of  earth,  a  total  of  402,009  cubic 
yards,  in  296  working  days. 

A  table  showing  the  performances  of  steam  shovels  in  the  Culebra 
division  for  the  fiscal  year  ending  June  30,  1908,  follows : 


Month. 


1907. 

July 

AOgUflt 

September 

October 

Noyember 

December 

1908. 

January 

February 

March 

April 

May 

June 


Number 
of  work- 
ing days. 


26 
27 
24 
27 
24 
25 


26 
24 
26 
25 
25 
26 


Ou^ut  per  shovel. 


Per  day. 


Cu.yd9. 
680 
729 
8U 
813 
784 
965 


1,084 
1,186 
1,171 
1,202 
918 
1,011 


Per 
month. 


Cu.yds. 
17,670 
19.680 
19,468 
21,963 
18,818 
24,113 


28,177 
28,475 
80,461 
30,081 
22,947 
26,281 


Per  hour 
under 
steam. 


89 
95 
105 
103 
107 
126 


189 
152 
150 
155 
119 
132 


Per  hour 
at  work. 


Ou.  yds. 
167 
166 
182 
177 
184 
199 


219 
230 
228 
233 
198 
205 


Rainfall  at— 


£mp!re. 


Inches. 

9.85 
11.28 
10.86 
15.44 
10.40 

1.47 


.76 
.00 
.41 

1.86 

12.91 

8.21 


Culebra. 


Inches, 

9.42 

11.81 

U.38 

15.27 

6.91 

2.80 


.91 
.01 
.18 

1.07 
12.68 

8.86 


It  must  be  remembered  that  this  performance  is  based  upon  a  work- 
ing day  of  but  eight  hours,  whereas  contractors  in  the  United  States 
usually  work  their  steam  shovels  about  ten  hours  per  day. 
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TEAlfSFOVTATIOH. 

The  equipment  in  operation  under  the  transportation  department 
of  the  Culeora  division  on  June  30,  1908,  was  in  good  condition  and 
consisted  of  the  following: 

Locomotives  ' 156 

Lidgerwood  plows 10 

Lidgerwood  unloaders 26 

Spreaders 23 

Lfidgerwood  flat  cars 1,267 

12-yard  western  dump  cars 258 

20-yard  western  dump  care 110 

Ballast  cars —  29 

12-yard  Oliver  dump  cars 132 

Steel  flat  cars,  40-ton 300 

Steel  flat  cars,  50-ton 183 

Track-throwing  machines 5 

TRACKS, 

New  track  to  the  amount  of  44.79  miles  was  laid  during  the  fiscal 
year,  making  a  total  for  the  division  on  June  30, 1908,  of  151.57  miles, 
all  laid  with  70-pound  American  rail  and  passable  for  the  heaviest 
trains. 

Along  the  bottom  of  the  canal  from  Culebra  Summit  to  Las  Cas- 
cadas  there  are  4  running  tracks,  and  from  Culebra  Summit  to  Pedro 
Mi^el  there  are  3  running  tracks.  These  tracks  are  now  in  a  very 
satisfactory  condition. 

A  plat  showing  the  tracks  and  dumps  used  for  handling  material 
from  the  Culebra  division  accompanies  this  report    (Plate  26.) 

DUMPS. 

During  the  year  all  inside  dumps  have  been  completed,  thus  neces- 
sitating the  hauling  of  practically  all  the  material  over  the  main  line 
of  the  Panama  Railroad  to  (jorgona  and  Tabemilla  dumps  on  the 
north  and  the  new  dumps  at  Miraflores  and  La  Boca  on  the  south. 
The  dumps  at  La  Boca  and  Miraflores  have  been  developed  during 
the  past  nscal  year  and  have  a  daily  capacity  of  about  12,000  cubic 
yards  each.  Eievelopment  of  the  Tabemilla  dump  ground  has  been 
completed  during  the  past  year,  and  16,000  cubic  yards  of  material 
per  day  can  now  be  disposed  of  there. 

On  March  20, 1908,  by  direction  of  the  chairman  and  chief  engineer. 
Isthmian  Canal  Commission,  the  Culebra  division  commenced  to  fur- 
nish stone  from  the  ^  cut "  at  Bas  Obispo  for  use  at  the  Gatun  dam. 
(Plate  6.)  About  l^OO  cubic  yards  or  stone  daily  are  now  carried 
xrom  Bas  Obispo  to  (iatun,  a  distance  of  about  24  miles. 

YARDS. 

Up  to  the  present  fiscal  year  material  taken  from  the  ^^  cut  '^  was 
carried  to  two  principal  yards,  one  at  Las  Cascadas  and  the  other  at 
Pedro  Miguel,  and  made  up  into  trains  for  transportation  over  the 
main  line  of  the  Panama  Railroad  to  the  dumps.  Considerable  un- 
avoidable delay  and  some  additional  expense  attached  to  this  method 
of  handling  the  material,  and  it  was  deemed  expedient  to  adopt  the 
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^neral  rule  of  running  such  trains  direct  from  the  shovels  to  the 
larger  dumping  grounds.  This  plan  has  been  adopted  with  complete 
success  and  has  resulted  in  an  increase  of  capacity  in  the  transporta- 
tion equipment,  as  quicker  .trips  can  be  made  by  the  present  method 
than  by  that  formerly  adopted,  and  a  greater  amount  of  material 
can  be  handled  by  an  equal  numoer  of  cars. 

LABOB  SITUATION. 

The  labor  situation  during  the  fiscal  year  has  been  very  satisfac- 
tory, and  there  has  been  no  difficulty  in  obtaining  all  men  needed  in 
the  various  departments  of  the  work.  In  fact  tlie  supply  has  usually 
been  greater  tnan  the  requirements  of  the  work.  On  the  Culebra 
division  Spaniards,  Italians,  and  West  Indian  negroes  comprise  most 
of  the  day  laborers. 

The  daily  average  number  of  laborers  employed  in  the  Culebra 
division  during  the  fiscal  year  was  6,501. 

COST. 

Considering  the  total  output  in  the  Culebra  division  for  the  fiscal 
year,  the  average  cost  of  the  various  items  of  expense  is  given  in  the 
following: 

Cost  per  cubic  yard  in  cents. 

Mining   14. 47 

Loading   11. 65 

Transportation 19. 36 

Dumping   14. 11 

Tracks . 11. 52 

Division  office  and  supervision 1.45 

Total  (not  including  plant  and  general  items) 72.56 

COAL  CONSUMED. 

The  amount  of  coal  consumed  on  the  Culebra  division  during  the 
fiscal  year  was  128,728.3  tons,  valued  at  $817,424.77,  or  $6.35  per  ton. 
The  high  cost  of  soft  coal  as  given  above  adds  very  materially  in  the 
cost  of  work  as  compared  with  that  of  similar  work  in  localities  in 
the  United  States  where  coal  is  very  much  cheaper. 

DIVEB8I0K  CHANNEXS. 

It  was  considered  very  important  to  divert  from  the  canal,  both  for 
construction  purposes  as  well  as  for  economy  and  maintenance  after 
the  canal  has  been  completed,  all  waters  which  would  flow  into  it 
from  the  adjacent  watershed.  Therefore,  as  outlined  in  the  previous 
annual  report,  work  was  commenced  during  the  fiscal  year  and  ex- 
ecuted as  rapidly  as  possible,  with  the  view  of  repairing  and  putting 
in  operation  the  old  French  diversion  channel  extending  on  the  west 
side  of  the  canal  from  Culebra  and  emptving  into  the  Chagres  near 
Matachin.    This  channel  is  known  as  the  ^'  Camacho  diversion." 

In  order  to  make  this  diversion  channel  available  it  was  necessary 
to  construct  a  new  channel,  revetted  with  stone,  through  the  Wliite- 
faouse  yard;  to  build  a  dam  across  the  Obispo  River  at  Bas  Obispo; 
to  clear  out  the  old  French  tunnel  through  the  hill  at  the  latter  place, 


^ 


BEPOBT  IBTHMIAN  OAKAL  GOMMI8SION — ^APPENDIX  A.  41 

and  to  clean  out  the  artificial  chaimel  below  it.  These  operations  in- 
volved the  handling  of  85,657  cubic  yards  of  material. 

The  entire  work  was  accomplished  successfully  before  the  end  of 
the  fiscal  year,  and,  as  a  consequence,  an  efficient  diversion  channel 
now  exists  on  the  west  side  of  the  canal  from  the  Continental  Divide, 
south  of  Culebra,  to  the  Chagres  River,  near  Matachin. 

For  taking  eare  of  the  waters  of  the  Obispo  River  and  other  streams 
on  the  east  side  of  the  canal  between  Gold  Hill  and  Gamboa,  a  diver- 
sion channdi,  known  as  the  Obispo  diversion,  has  been  located,  and 
work  upon  it  has  been  pushed  with  all  possible  speed. 

At  the  dose  of  the  fiscal  ^ear  this  channel  had  oeen  completed  from 
Gold  Hill  to  a  point  opposite  Las  Cascadas  and  work  was  in  progress 
between  Las  Cascadas  and  Gamboa.  In  the  construction  of  tliis  di- 
version channel  813,511  cubic  yards  of  material  were  excavated  dur- 
ing the  fiscal  jear,  and  there  remain  about  400,000  cubic  yards  yet  to 
be  excavated  m  order  to  complete  the  channeL 

8UDE8. 

On  October  4  the  Cucaracfaa  slide,  which  had  caused  more  or  less 
inconvenience  since  work  was  commenced  in  that  vicinity  by  the 
French  in  1884,  began  to  move  toward  the  east  edge  of  the  canal. 
The  motion  at  first  was  quite  rapid,  being  at  the  rate  of  14  feet  in 
twenty-four  hours,  but  b^  the  close  of  the  month  its  rate  of  motion 
had  decreased  to  4  feet  in  twenty-four  hours.  About  113,000  cubic 
yards  of  material  had  then  moved  into  an  area  which  had  previously 
been  excavated,  and  for  a  time  all  passage  of  material  by  trains 
through  the  bottom  of  the  canal  was  shut  off.  Electric  arc  lights 
were  installed  so  that  operations  might  be  carried  on  at  ni^ht  and  a 
4-inch  stream  of  water  at  high  pressure  was  brought  to  the  aid  of 
the  steam  shovels  which  were  working  on  the  portion  of  the  slide 
within  the  canal  prism.  Work  was  prosecuted  without  intermission, 
day  and  night,  under  extremely  disadvantageous  circumstances  due 
to  the  heavy  rainfall  for  the  month.  Bv  the  end  of  October  more 
material  was  being  removed  from  the  "cut"  than  was  coming  in 
from  the  slide  and  sufficient  space  was  gained  to  enable  two  tracks  to 
be  put  through  that  part  of  tne  canal  previously  covered  by  the  slide. 

The  total  area  of  the  slide  was  34,445  square  yards  and  the  esti- 
mated amount  of  material  in  motion  was  600,000  cubic  yards. 

The  total  amount  of  material  removed  from  it  since  the  slide  com- 
menced to  give  trouble  is  445,000  cubic  yards.  The  most  distant 
point  of  the  slide  from  the  edge  of  the  canal  was  910  feet.  A  photo- 
graph of  this  slide  is  attached  nerewith.    (Plate  11.  ) 

The  removal  of  the  material  from  this  slide  was  prosecuted  without 
any  special  difficulty  as  soon  as  the  dry  season  commenced,  and  a 
wide  berm  was  opened  through  the  slide  on  the  east  side  of  the  canal 
in  order  that,  should  trouble  arise  in  future,  steam  shovels  could  be 
placed  on  this  benn  and  the  sliding  material  removed  at  this  point 
instead  of  permitting  it  to  get  into  the  canal. 

This  slide,  which  is  the  largest  yet  encountered,  has  ffiven  no  trou- 
ble 80  far  during  the  present  rainy  season,  and  it  is  believed  that  its 
worst  phase  has  passed. 

Another  slide  at  Paraiso,  which  originally  developed  when  the 
French  were  working  upon  the  canal,  commenced  to  give  trouble  in 
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April  of  this  year.  This  slide  is  located  on  the  east  bank  of  the  canaL 
and  extends  up  a  narrow  valley  to  an  extreme  distance  of  750  feet 
from  the  edge  of  the  canal.  The  area  of  this  slide  is  approximately 
16,700  square  yards,  and  the  amount  of  material  in  motion  is  140,000 
cubic  yards.  Its  rate  of  motion  is  comparatively  slow,  and  it  has 
caused  much  less  annoyance  than  the  Cucaracha  slide. 

About  90,000  cubic  yards  from  this  slide  have  been  removed  by 
steam  shovels  and  carried  to  the  dumps.  It  is  believed  that  the  ma- 
terial in  this  slide  will  be  handled  without  any  particular  difficulty. 
A  photograph  of  this  slide  is  attached  herewith.     (Plate  12.) 

During  the  present  season  two  slides  of  comparatively  novel  char- 
acter, inasmucn  as  they  developed  during  the  last  dry  season,  origi- 
nated on  the  upper  level  of  the  Culebra  Cut. 

The  most  southerly  of  the  two  is  located  on  the  west  bank  of  the 
canal  at  the  village  of  New  Culebra,  which  is  built  entirely  upon  an 
old  French  dump.    This  material,  which  had  caused  a  little  trouble 

Previously,  began  to  break  away  in  March  and  slide  into  the  cut. 
*he  most  distant  point  of  the  slide  from  the  edge  of  the  cut  was  about 
420  feet.  The  area  of  the  slide  was  about  6,110  square  yards,  and  the 
total  amount  of  material  in  motion  was  about  50,000  cubic  vards, 
about  40^000  cubic  vards  of  which  have  been  removed  from  the  cut 
and  earned  to  the  dumps.    (Plate  13.) 

The  other  slide  is  located  directlv  opposite  the  village  of  Las  Cas- 
cadas,  and  extends  back  from  the«dg|e  or  the  canal  for  an  extreme  dis- 
tance of  230  feet.  The  area  of  this  slide  is  approximately  5,433  square 
yards  and  the  amount  of  material  in  motion  aoout  100,000  cubic  yards. 
The  amount  of  material  removed  from  this  slide  by  steam  shovels  and 
carried  to  the  dumps  is  about  53,000  cubic  yards.    (Plate  14.) 

The  two  slides  last  described  are  the  only  ones  which  have  occurred 
during  the  dry  season,  and  the  bulk  of  the  material  composing  them 
appeared  fairly  dry,  especially  in  the  case  of  the  slide  opposite  Las 
Cascadas.  The  material  at  the  bottom  of  the  slide  at  the  village  of 
New  Culebra  was  moist,  but  not  at  all  wet,  and  in  both  cases  the  mass 
in  motion  was  a  superficial  top  covering  of  earth  20  to  30  feet  thick, 
deficient  in  cohesion  and  comparatively  dry,  moving  upon  a  gently 
sloping  bed  of  much  harder  material,  which  was  smooth  and  soapy  to 
the  touch. 

The  four  slides  just  mentioned  are  the  only  ones  which  have  caused 
trouble  since  the  United  States  assumed  control  of  the  canal.  They 
have  proved  annoying  and  have  at  times  reduced  the  output  and  in- 
creased the  cost  of  excavation  in  the  Culebra  division,  but  have  never 
presented  any  real  obstacle  to  the  successful  prosecution  of  the  work 
of  excavation,  but  as  they  have  been  much  discussed  at  times  by  per- 
sons who  have  not  had  the  opportunity  to  see  them  on  the  spot,  it  has 
been  thought  proper  to  descrioe  them  somewhat  in  detail  and  to  give 
photogra^s  of  each  of  the  slides. 

BEMARKB. 

In  comparing  the  cost  of  work  upon  the  Isthmus  with  that  of  simi- 
lar work  m  the  United  States  certain  conditions  existing  in  the  former 
locality  must  be  taken  into  consideration.  The  wages  paid  for  skilled 
labor  on  the  Isthmus  are,  on  an  average,  from  40  to  70  per  cent  higher 
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than  is  paid  for  the  same  class  of  labor  in  the  United  States.  The 
working  day  here  is  but  eight  hours  in  length,  while  on  private  enter- 
prises in  the  United  States  the  working  day  is  usually  ten  hours. 

In  the  greater  portion  of  the  eastern  and  southeastern  parts  of  the 
United  States  the  price  of  soft  coal  does  not  exceed  from  $3  to  $J^.50 
per  ton.  The  coal  used  on  the  Culebra  division  during  the  fiscal  year 
ending  June  30,  1908,  cost  $6.35  per  ton. 

Owing  to  the  long  distance  from  the  source  of  supply,  machinery 
and  material  of  all  classes  are  more  expensive  than  in  the  United 
States. 

In  addition  to  these  disadvantages,  the  climate  is  not  one  conducive 
to  great  physical  and  mental  activity^  and  the  rainfall  is  so  heavy, 
averaging  about  95  inches  per  annum  m  the  Culebra  division,  that  \t 
inteircres  considerably  witn  the  rapid  prosecution  of  the  work.  This 
can  readUy  be  appm;iated  when  it  is  remembered  that  the  greater 
part  of  this  rainiall  occurs  during  the  eight  months  comprising  the 
rainy  season. 

CHANGES  Ilf  OBGANUATION. 

The  resignation  of  Mr.  D.  W.  Bolich,  division  engineer,  was  ac- 
cepted May  7, 1908,  to  take  effect  at  the  expiration  of  forty -two  days' 
leave  granted  him,  beginning  May  11. 

The  resignation  of  Mr.  M.  K.  Jones,  superintendent  of  transporta- 
tion, was  accepted  July  2,  to  take  effect  at  the  expiration  of  forty-two 
days'  leave,  which  was  granted  him  beginning  July  11. 

The  resignation  of  Mr.  Sydney  J.  Kennedy,  cnief  clerk,  was  ac- 
cepted May  20,  to  take  effect  at  the  expiration  of  forty -two  days'  leave, 
which  was  granted  him  be^nning  May  20,  1908. 

The  resignation  of  Mr.  Fred  L.  Hartigan,  superintendent  of  con- 
struction, was  accepted  June  13,  to  take  effect  at  the  expiration  of 
for^-two  days'  leave,  which  was  granted  him  beginning  Anril  20. 

Mr.  D.  B.  Brown,  superintendent  of  construction,  was  nischarged 
June  30,  1908,  on  account  of  reduction  of  force. 

Mr.  ll  K.  Rourke,  assistant  division  engineer,  was  appointed  divi- 
sion engineer,  effective  June  22, 1908,  vice  D.  W.  Bolich,  resigned. 

Mr.  A.  E.  Bronk  was  appointed  chief  clerk,  effective  May  20,  190S, 
vice  Mr.  Sydney  J.  Kennedy,  resigned. 

Chaqres  Division. 

The  Chagres  division  extends  from  Gatun  to  the  point  where  the 
canal  crosses  the  Chagres  River  at  Gramboa,  a  total  distance  of  about 
23  miles.  The  river  crosses  the  center  line  of  the  canal  twenty-thive 
times  within  the  limits  of  this  division,  and,  as  a  consequence,  a  con- 
siderable part  of  the  area  adjacent  to  the  center  line  or  the  canal  is 
subject  to  overflow  at  times  of  high  floods  in  the  Chagres  River,  and 
work  in  this  division  is  liable  to  interruptions  from  this  cause  during 
the  rainy  season. 

At  the  close  of  the  previous  fiscal  year  no  construction  work  had 
been  accomplished,  but  surveys  were  in  progress  for  measuring  acou- 
ratelj  and  permanently  marking  the  center  line  of  the  canal  and 
obtaining  cross  sections  at  intervals  of  100  feet.  The  surveys  which 
had  been  begun  in  1907  were  continued,  and  the  last  cross  sections 
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were  finished  00  May  1,  1908.  About  X,100,000  linear  feet  of  cross 
aeetum  levels  w^re  run  between  Pe&a  Blanca  (mile  16)  and  Gamboa 
(mile  80i). 

A  revised  estimate  of  the  amount  of  material  to  be  removed  gave 
12,256,300  cubic  yards,  of  which  about  8,313,500  cubic  yards  were 
earth  and  3,942,800  cubic  yards  were  rock.  Changes  of  alignment 
were  approved  during  the  fiscal  year  which  eliminated  1^64,700 
cubic  yards  of  earth  and  264,300  cubic  yards  of  rock.  There  were 
excavated  during  the  fiscal  year  1,774,124  cubic  yards  of  earth  and 
rock,  leaving  8,953,176  cubic  yards  of  material  to  be  removed  at  the 
dose  of  the  fiscal  year,  of  which  amount  5,857,879  cubic  yards  were 
earth  and  3,095^297  cubic  yards  were  rock.  Between  Pena  Blanca  and 
Gatun  there  is  no  excavation  with  the  exception  of  approximately 
350  cubic  yards  at  a  point  near  the  latter  place. 

During  the  year  about  4,700  feet  of  borm^  were  taken  in  the  canal 
prism,  between  Gamboa  and  Bohio,  to  aid  in  determining  the  nature 
of  the  material,  particularly  with  reference  to  the  best  method  of 
removal.   This  work  will  probably  be  completed  in  July,  1908. 

EXCAVATION. 

Excavation  by  steam  shovels  was  carried  on  during  the  fiscal  year 
at  four  points  on  the  division  in  the  following  order : 

Work*  was  begun  at  San  Pablo  on  Au^st  7,  1907.  The  estimated 
amount  of  material  to  be  excavated  in  this  locality  was  1.379,639  cubic 
yards,  of  which  634,832  cubic  yards  (46  per  cent)  had  oeen  removed 
up  to  July  1, 1908.  The  amount  of  construction  track  at  San  Pablo 
at  the  end  of  the  fiscal  year  was  7.6  miles. 

Work  was  begim  at  Caimito  on  October  1,  1907.  The  estimated 
amount  of  material  to  be  removed  was  2,079,493  cubic  yards,  of  which 
553,374  cubic  yards  f27  per  cent)  had  been  removed  up  to  July  1, 
1908.  The  amount  01  construction  track  at  Caimito  on  July  1,  1908, 
was  8.03  miles. 

Work  was  commenced  at  Matachin  on  December  30,  1907,  with  an 
estimated  amount  of  1,552,000  cubic  yards  of  material  to  be  removed. 
Of  this  amount,  434,161  cubic  yards  (28  per  cent)  had  been  removed 
up  to  July  1,  1908.  The  amount  of  construction  track  at  Matachin 
at  the  close  of  the  fiscal  year  was  7.15  miles. 

Work  was  started  at  ^anta  Cruz  on  February  24,  1908.  The  esti- 
mated amount  of  material  to  be  removed  at  this  point  was  1,277,800 
cubic  yards,  of  which  138,896  cubic  yards  (11  per  cent)  had  been 
removed  at  the  end  of  the  fiscal  year.  The  amount  of  construction 
track  at  Santa  Cruz  on  July  1, 1908,  was  3.68  miles. 
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The  amount  of  material  removed  monthly  is  diown  in  the  following 
table: 


MMths. 


From  canal  priim. 


I 


Earth. 


Rock. 


NotclaMi- 
fied. 


I     Grand 
total. 


1907. 


October 

NOTember 

December. 


Jammry.. 
Febraary 
March  ... 

April 

May 

Jnne 


1908. 


Total. 


86,749 
86,178 


121. 71» 
161,lfi0 
2fi6,e02 
243,001 
124.186 
148.245 


1,166,848 


OnMcyard*. 


7.296 
18,479 


47,664 
48,996 
68,681 
86,482 
111,  766 
178,900 


2,900 
21,646 
2^e27 


OMeyard*. 
2,900 
21,546 
26,627 
44,014 
98,662 


101, 4f7 
200,146 
824,288 
829,488 
285.902 
822.146 


658,203 


50,073    1.774,124 


At  Santa  Cfnz  and  Matachin  levees  have  been  built  at  each  end  of 
the  cut  as  a  protection  against  floods  in  the  Chagres  River,  and  pumps 
installed  to  drain  the  excavation  area  thus  protected. 

The  total  amount  of  construction  track  in  use  on  the  Chagres 
division  on  July  1,  1908,  was  26.41  miles. 


BURSTING. 


There  were  used  in  blasting  operations  in  the  Chagres  division 
during  the  fiscal  year  779,687  pounds  of  dynamite.  An  electric  line 
for  carrying  current  from  Oorgona  shops  to  Matachin  has  been 
in  operation  for  about  three  months  and  gives  more  satisfactory 
results  than  were  obtained  by  the  use  of  the  firing  batteries.  An 
extension  of  this  line  to  Santa  Cruz  is  almost  completed. 

The  number  of  linear  feet  of  holes  drilled  during  the  fiscal  year 
was  as  foUoWs: 


steam  and  air  drills. 
Well  or  chura  drllli. 
Hand  drills 


Linear 
feet. 


17,178 

125,976 

60,826 


Total 201,980 


Miles. 


8.21 

23.86 
11.14 


88.25 


PEBFOSMANCE  OF  STEAM    SHOVELS. 

The  average  amount  excavated  per  shovel  day  (of  eight  hours) 
gradually  increased  to  1,121  cubic  vards  in  April,  during  which 
month  the  average  number  of  steam  shovels  in  use  on  the  entire  divi- 
sion was  as  follows : 

45-ton  shovels 2. 92 

60>ton  shovels 2. 00 

TO-ton  shovels * 5. 64 

90-ton  shovels 1. 20 

This  average  dropped  somewhat  in  May,  but  increased  in  June  to 
1,013  cubic  yards,  with  an  average  of  12.23  shovels  in  use  during  the 
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latter  month.    Further  details  in  reference  to  the  performance  of 
steam  shovels  in  the  Chagres  division  are  given  in  the  following  table : 


Period. 


1W7. 

August 

September 

October 

November 

December ^. . 

1908. 

January 

February 

March 

April 

liay 

June 


Average 

Number  of 

Balnlall. 

number  of 

working 

sfaovelfl  at 

days  in 

work. 

month. 

Inches. 

1X20 

0.15 

27 

14.71 

.92 

24 

18.62 

2.22 

27 

9.85 

8.00 

24 

2.26 

6.12 

25 

.20 

8.11 

26 

.U 

10.88 

24 

.41 

11.47 

26 

1.81 

11.76 

•       25 

18.18 

11.68 

25 

6.55 

12.28 

26 

Ayerage  out- 
put per 
BfaoTel  per 
day  (8  hours). 


Cubic  yarcU. 
716 
976 
428 
612 
680 


797 

796 

1,082 

1,121 

808 

1,018 


Average  out- 
put per 
shovel  per 
month. 


CiMeyardM. 
19.888 
28,420 
U,544 
14,681 
15,766 


20,720 
19,144 
28.094 
28,018 
20,197 
26,841 


EQUIPMENT. 

The  principal  articles  of  equipment  in  use  on  the  Chagres  division 
at  the  close  of  the  fiscal  year  are  shown  in  the  following  table : 

Locomotives 50 

Steam  shovels 15 

Spreaders 4 

Track  shifters 1 2 

Pile  drivers 2 

Cranes 1 

Dump  cars,  old  French 410 

Dump  ears,  Oliver 235 

Of  the  50  locomotives  in  use  at  the  end  of  the  year,  47  were  engines 
which  had  been  in  use  by  the  French  and  which  had  been  repaired  and 
put  in  commission.  Old  French  dump  cars  were  used  exclusively 
until  the  arrival  of  the  new  Oliver  dump  cars  in  the  spring. 

NUMBEB  OF  EMPLOYEES. 

On  June  30,  1908,  there  were  236  employees  on  the  gold  roll  and 
1,765  on  the  silver  roll  in  the  Chagres  division,  a  total  of  2,001. 

COST  OF   EXCAVATION. 

The  cost  of  excavation  in  the  Chagres  division  is  shown  in  the  fol- 
lowing table.  This  cost  includes  considerable  preliminary  work, 
track  work,  etc.,  part  of  the  benefit  of  which  will  appear  in  the  cost 
for  the  removal  of  material  yet  remaining.  It  also  includes  the  cost 
of  blasting  620,980  cubic  yards  of  material  which  had  been  blasted 
ahead  of  the  steam  shovels;  it  does  not  include  the  cost  of  plant 
nor  certain  general  items  not  directly  connected  with  the  work  of 

excavation : 

Cost  per  cubic  yard  in  cents. 

Mining 11.82 

Loading 10. 52 

Transportation 12.97 

Dumping 8.90 

Tracks 14.45 

Division  office  and  suiiervisiou 2.81 

Total  .-- (51.47 
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PEBSONNEI* 

The  personnel  of  the  Chagres  division  at  the  dose  of  the  fiscal  year 
was  as  follows:  Maj.  Edgar  Jadwin,  Corps  of  Engineers,  U.  S.  Army, 
division  engineer,  appointed  July  25,  1907;  Capt.  George  M.  Hon- 
man,  Corps  of  Engineers,  U.  S.  Army,  assistant  division  engineer, 
appointed  January  4,  1908;  Mr.  B.  W.  Hebard,  resident  engineer, 
appointed  August  2,  1907;  Mr.  W.  G.  Shea,  superintendent  of  con- 
struction, appointed  November  1,  1907;  Mr.  F.  C.  Stanton,  assistant 
en^neer,  appointed  September  25, 1907;  Mr.  Samuel  G.  Baker,  acting 
chief  clerk,  appointed  August  8, 1907 ;  Mr.  F.  J.  Fussner,  acting  chief 
timekeeper,  appointed  December  5,  1907;  Mr.  James  H.  Adams, 
assistant  superintendent  of  construction,  appointed  general  foreman 
in  charge  August  5, 1907,  appointed  assistant  superintendent,  Novem- 
ber 4,  1907;  Mr.  Ben  Johnson,  assistant  superintendent  of  construc- 
tion, appointed  December  14,  1907;  Mr.  Peter  Donnelly,  assistant 
superintendent  of  construction,  appointed  April  1, 1908. 

Colon  Dhedqiko  Division, 

atnrvsTB  ahd  omcc  worx. 

The  party  working  on  the  canal  center  line,  the  survey  of  which 
was  begun  m  January,  1907,  completed  the  cross-section  work  to  sta- 
tion 44  of  the  nineteenth  mile,  and  referencing  of  monuments  to 
Bohio,  P.  I.,  eighteenth  mile.  Eighty-three  thousand  seven  hundred 
feet  of  cross  section  (level)  was  completed,  78,400  feet  of  cross  section 
staked  out,  4,600  feet  of  check  levels,  and  8,300  feet  of  transit  line 
referencing  monuments  were  run  before  this  work  was  turned  over 
to  Maj.  Edgar  Jadwin,  division  engineer,  on  the  organization  of 
the  Chagres  division. 

In  the  office  plans  were  made  for  the  reconstruction  of  old  dredges 
and  for  the  construction  of  a  dipper  dredge ;  a  suction  dredge  cutter 
was  designed,  details  for  towboat  worked  out,  tracings  made  of  dredge 
parts,  blueprints  made  as  required,  and  drawings  and  records  cared 
for. 

KXCAVATIOir  BT  STEAM   SHOVELS  AT  IfllTDL 

In  July  a  cut  was  started  through  the  Mindi  Hills  on  the  axis  of 
the  canal,  by  shovel  No.  108.  In  August  shovel  No.  112  was  added. 
Two  shovels  have  been  at  work  during  the  vear,  No.  133  replacing 
No.  112  in  February.  Five  hundred  and  thirty-six  thousand  nine 
hundred  and  fifty-nine  cubic  TOrds  have  been  excavated  at  a  cost  of 
42.44  cents  per  cubic  yard.  This  cutting  includes  both  swamp  and 
rock  work.     (Plate  28.) 

Clearing  between  Mindi  and  Limon  Bay  was  completed  in  August. 

Five  thousand  four  hundred  and  fifty-five  feet  of  tripod  drilling, 
27,888  feet  of  well  drilling,  and  71,668  feet  of  hand  drilling  were  done 
during  the  year. 

DBEDGIlfO. 

The  old  French  ladder  dredge,  No.  ff,  has  been  at  work  through- 
out the  year  in  the  canal  prism  in  Limon  Bay,  and  has  excavated 
1,322,525  cubic  yards. 
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The  16-inch  suction  dredge  was  at  the  mouth  of  the  Mindi  River 
at  the  beginning  of  the  year  and  removed  1,000  yards  there  before 
she  was  taken  to  the  dock  for  repairs.     On  July  20  she  was  placed 


in  the  canal  prism  near  Mindi  and  excavated  30^968  cubic  yards.  Qn 
October  10  she  was  moved  to  the  Union  Oil  Company's  plant  near 
Cristobal  dry  dock  and  did  some  work  for  the  sanitary  department 
excavating  5,488  cubic  yards.  On  October  17,  after  being  repaired' 
she  was  moved  to  Porto  Bello,  where  she  removed  10,306  cubic  yards 
up  to  January  27,  1908.  when  she  was  returned  to  the  dry  dock  f*nd 
laid  up.  In  June  she  did  a  little  filling  for  a  corral  at  Folks  River 
excavating  2,700  cubic  yards.  ' 

The  dipper  dredge  Chagres  was  in  Limon  Bay  at  the  beginning  of 
the  year,  the  sea  feing  so  rough  as  to  hinder  effective  work.     She 
worked  at  Mindi  for  a  few  days  to  open  the  old  French  canal  to 
the  sea,  then  removed  a  point  in  this  canal  north  of  Mindi  River  to 
allow  the  passage  of  loaded  scows.    During  the  month  4,600  cubic 
yards  were  removed.    In  August  5,127  yards  were  removed  from 
the  Mindi  River,  and  on  August  16  the  dredge  was  moved  to  the 
canal  prism,  where  she  excavated  15,000  yards,  moving  on  September 
6  to  the  Chagres  River  at  Gatun,  where  38,425  yards  were  excavated. 
On  November  7  the  dredge  went  to  work  in  the  prism,  removing 
32,595  cubic  yards  before  she  was  docked  for  repairs  fate  in  December 
In  February  she  was  set  to  work  digging  out  the  cofferdam  at  the 
dry  dock,  and  on  the  15th  went  to  the  old  French  canal  above  that 
pomt,  excavating  16,625  cubic  yards,  7,812  of  which  were  rock.    Dur- 
ing March  the  ciredge  was  laid  up,  except  while  dredging  350  yards 
at  coal  dock  14.     On  March  31  she  went  again  to  the  old  French 
canal  above  the  dry  dock  for  a  week,  and  on  April  6  to  pier  11, 
dredging  13,677  yards  before  being  laid  up  in  May  for  repairs.     On 
June  3  she  resumed  operations  at  pier  ISo.  1  and  excavated  7,250 
yards  before  she  was  laid  up  for  repairs  late  in  the  month. 

The  new  seagoing  suction  dredge  Ancon  began  work  on  August 
12  with  a  single  crew,  and  on  the  28th  a  double  crew  was  put  on. 
She  dredges  a  course  in  Limon  Bay  over  the  line  of  the  canal  to  a 
dumping  point  IJ  miles  northeast  of  Toro  Point  Light-House  and 
has  excdvated  3,040,959  cubic  yards  during  the  year. 

The  dipper  dredge  Mindi  started  work  m  the  old  French  canal  late 
in  November,  excavating  4,500  yards.  She  was  laid  up  for  repairs 
during  December;  resumed  work  in  January,  losing  about  twelve 
days  m  that  month  for  repairs,  and  excavated  87,171  cubic  yards, 
shutting  down  at  the  end  of  March  for  repairs.  She  went  in  the 
canal  prism  on  April  4  and  worked  for  about  two  weeks,  removing 
14,785  yards,  being  again  laid  up  for  lack  of  a  tug  to  serve  her.  On 
June  11  she  went  back  to  the  canal  prism  at  Mindi  with  a  single 
crew  and  excavated  6,550  yards  during  the  month. 

The  old  French  ladder  dredge  iVo.  1  began  work  on  February  12 
in  the  canal  prism  in  Limon  Bay,  where  she  was  still  dredging  at 
the  end  of  the  year,  having  excavated  498,730  cubic  yards. 
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The  total  monthly  excavation  by  dredges  in  this  division  is  shown 
in  the  following  table : 


Month. 


1907. 

Jnly 

Aagurt 

Septem  ber 

October  

November 

December 

1906. 

Januarj 

Ftebruaiy 

MMch 

ig':::::::;::::;::::: 

Jane 

Fiscal  year 


FromeanaZ 
prlnii,ioft 
material. 


Cte.ydc 
104,  S22 
181,170 
MS,  Ma 
409,882 
417  297 
438,068 


444,408 
401,887 
615,228 
496,866 
664,886 
672,749 


4,947,830 


Fiom  accQMory  workn. 


Soft  mate- 
rial. 


(M,vdt, 
5,600 
6,127 


5,488 

5,500 

14,782 


46,298 
18,418 
81.66S 


127,876 


Rock. 


(Vyeb. 


Toul. 


Cu 


.yd*. 

5.600 

b,vrt 


12,417 


5.48H 

5.600 

14,782 


46,298 
25.836 
81,(168 


12,417 


140.298 


Grand 
total. 


109,922 
194,  »7 
406. 84a 
415.120 
422,797 
442,835 


498,701 
427,722 
546,888 
496,366 
564,888 
672,749 


6,087,628 


The  total  expenditures  in  connection  with  dredging  amounted  dur- 
ing the  fiscal  year  to  $530,739.99,  making  the  average  cost  per  cubic 
)       yard,  place  measurement,  for  all  material  dredged  during  this  period 
10.43  cents.    This  does  not  include  ^^  plant  ^'  or  general  items. 

MACHIlfE  SHOP  AND  DRY  DOCK. 

A  Iddgerwood  engine  and  boiler  hare  been  added,  the  old  French 
lathe  has  been  replaced  with  a  new  86-inch  machine,  a  new  forge  has 
been  installed  in  the  blacksmith  shop,  an  old  French  pump  overhauled 
and  fitted  up,  the  boring  mill  and  planing  machine  reset,  new  blower 
put  in  blacksmith  shop,  old  Frencn  shap^er  removed  and  overhauled 
and  new  lathe  put  in,  air-compresser  engine  installed  in  pump  house, 
engines  installed  in  new  boiler  and  blacksmith  shop  section,  founda- 
tions for  machinery  put  in,  and  new  shop  roof  constructed.  Shop  and 
outside  tools  and  equipment  have  been  kept  in  repair,  parts  maae  for 
outfits  on  the  work  at  Gatun  and  at  Porto  Bello,  and  repairs  as  follows 
made  to  individual  plant : 

Tug  Oatun:  Ext^islve  repairs  and  overhauling. 

Launcb  Ruth:  Machinery  overhaaled  and  repaired. 

Launch  Qrace:  Machinery  overhaaled  and  repaired. 

Launch  Balboa:  General  overhauling  and  fitting  up. 

Old  French  ladder  dredge  No.  1:  ESxtensive  repairs  and  overhauling,  and  in- 
stallation of  electric  lights. 

Old  French  ladder  dredge  No.  6:  Numerous  repairs  to  machinery  and  con- 
struction of  galley  and  mesa  room. 

Clapets  Noa.  2,  3,  4,  12,  and  14 :  Numerous  repairs  and  general  overhauling. 

Suction  dredge,  16-inch:  Repairs  to  machinery  and  pumping  plant. 

Dipper  dredges  Chagren  and  Mindi:  Numerous  repairs  and  some  modifications. 

Seagoing  suction  dredge  Ancon:  New  suction  pii)cs  were  made  and  a  number 
of  repairs  and  modifications  effected. 

Tugs  Porto  Bello,  Cristobal^  and  Mariner:  (ireneral  repairs  and  overhauling. 

In  addition  repairs  were  made  to  the  dumping  scows,  clam-shell  dredge,  water 
barges,  Panama  Railroad  barges,  coaling  derrick,  floating  pile  driver,  M.  6b  S. 
launch,  M.  &  8.  crane  No.  23,  Gantry  crane,  dry-dock  crane,  B.  C.  crane  No.  34, 
and  locomotive  Na  472. 

^  57948—08 4 


50  BSPOBT  ISTHMIAK  CANAIi  COMMISSION. 

Twenty-tDch  pipe-line  suction  dredges:  Three  dredges^  recelTcd  knocked- 
down  from  tbe  Maryland  Steel  Company  for  tlie  Gatun  dam  dirision,  hare  been 
erected  and  pontoons  and  pipe  lines  bnilt  complete  for  same.  Two  are  com- 
pfeted  and  tbe  third  well  nnder  way,  25  per  cent  of  the  macliinery,  75  per  cent 
of  the  boose,  40  per  cent  of  the  wiring;  and  50  per  cent  of  the  piping  being 


The  work  of  extension,  b^nn  during  last  year,  was  completed.  A 
hoist  derrick  was  constmcted,  new  pumps  and  other  machinery  in- 
stalled, and  working  repairs  made  to  the  plant.  Work  has  continued 
on  the  clearing  and  leveling  of  grounds. 


KEW  FUilfT. 


A  5-yard  dipper  dredge  which  had  been  contracted  for  with  the 
FeatherstCMie  Foundry  and  Machine  Company  was  delivered,  and  has 
been  named  MindL 

RAINTAIX. 

The  rainfall  for  the  year  amounted  to  137.73  inche^s. 

La  Boca  Dredging  Division. 

The  change  in  location  of  the  locks  and  dams  at  the  Pacific  end 
of  the  canal  entails  the  dredging  of  a  channel  approximately  3  miles 
long,  in  addition  to  the  dredging  contemplated  at  the  time  that  the 
last  annual  report  was  submitted.  The  lowest  estimate  of  the  amount 
of  rock  to  be  removed  from  this  additional  channel  is  1,500,000  cubic 
yards,  but  the  data  from  which  such  estimates  have  been  prepared  are 
still  rather  incomplete.  To  obtain  accurate  information  on  this  sub- 
ject three  lines  of  borings  are  being  made  along  the  center  and  side 
lines  of  the  channel  every  100  feet. 

It  is  possible  that  a  portion  of  this  rock  can  be  removed  without 
mining,  as  some  of  the  samples  obtained  are  very  soft.  However, 
enough  hard  rock  will  be  encountered  to  necessitate  the  purchase  of 
coFLsiderable  submarine  rock  mining  machinery,  together  with  dredges 
and  barges  for  handling  the  output.  One  rock-arill  barge  and  one 
Lobnitz  rock  breaker  have  been  ordered,  and  after  comparative  tests 
requisition  will  be  placed  for  as  many  of  these  machines  as  the  drill 
explorations  show  will  be  required  to  complete  the  work  within  the 
proper  time  limit. 

DKCDGIXO. 

After  the  abandonment  of  the  lock  site  at  La  Boca,  it  was  neces- 
sary to  change  slightly  the  line  of  the  new  channel  to  deep  water 
in  order  to  connect  it"  with  the  portion  of  the  old  French  channel 
that  will  be  used  under  the  approved  final  plan.  The  line  was  so 
located  that  all  of  the  dredging,  with  the  exception  of  a  small  cut 
made  by  the  dipper  dredge,  that  had  previously  been  done,  would  be 
within  the  limits  to  be  dredged  for  the  present  approved  channel. 

Twenty-five  nun  buoys  have  been  received  from  the  United  States 
for  marlang  the  limits  of  the  new  channel  and  3,000-pound  reenforced 
concrete  anchors  have  been  made  to  hold  the  buoys  in  place. 
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The  seagoing  suction  dredge  Culehra  has  been  working  along  the 
outer  entrance  of  the  channel  since  going  into  commission  on  Jan- 
uary 21.  The  regular  cut  of  this  boat  has  been  12,000  feet  long.  On 
January  23  the  cables  of  the  Central  and  South  American  Telegraph 
Conapany,  the  location  of  which  was  unknown  to  the  employees  of 
the  Isthmian  Canal  Commission,  were  picked  up  on  the  suction  head 
of  this  boat  and  considerably  damaged.  Until  the  line  was  relaid 
to  the  seaward  of  the  islands  (Naos,  rerico.  Flamenco,  and  Culebra) 
the  run  of  the  dredge  had  to  be  shortened  to  avoid  further  damage 
to  the  cables.  On  April  20  the  starboard  high-pressure  main  pump 
cylinder  of  the  vessel  broke,  and  was  at  once  removed  and  sent  to  the 
Gorgona  shops  for  repair  and  a  new  cylinder  ordered  from  the  United 
States.  Considerable  delay  was  experienced  in  getting  this  cylinder, 
and  it  was  not  until  Jime  10  that  both  pumps  were  again  in  commis- 
sion. In  the  meantime  the  Culehra  had  been  working  with  but  one 
pump,  making  about  75  to  80  per  cent  of  the  regular  output.  Monthly 
soundings  have  demonstrated  the  fact  that  the  suction  heads  have 
been  running  in  parallel  grooves  along  the  bottom  of  the  cut,  which 
become  more  marked  as  the  work  progresses.  To  overcome  this  dif- 
ficulty a  heavy  drag  of  railroad  iron  has  been  made,  and  this  is 
hauled  over  the  cut  of  the  Culehra  by  a  tug. 

One  old  French  ladder  dredge  has  been  kept  in  constant  operation 
during  the  year  and  another  one  since  September  24,  making  a  chan- 
nel through  the  mud  flat  from  the  north  end  of  the  cut  of  the  Culehra 
to  the  intersection  of  the  new  and  French  channels,  about  2,000  feet 
south  of  the  Old  Panama  Railroad  wharf. 

Dredge  A  No.  2  (an  old  French  ladder  dredge)  worked  through 
the  outer  portion  of  this  flat  until  May  3,  when  it  was  taken  to  tlie 
ships  ways  for  overhauling,  and  the  Gopher^  A  No.  3  (an  old  French 
ladder  dredge) ,  was  placed  in  the  same  cut.  An  outcropping  of  soft 
rock  was  encountered  by  this  dredge  on  June  15  at  a  depth  of  —33  feet, 
but  from  indications  this  ledge  is  not  of  great  extent.  Dredge  No.  14 
(an  old  French  ladder  dredge)  has  been  working  from  the  center  of 
the  flat  toward  the  intersection  of  the  two  channels,  which  point  was 
reached  during  the  latter  part  of  June.  The  entrance  of  the  new 
channel  was  widened  and  aeepened  enough  to  allow  the  passage  of 
clapets  on  June  25.  When  the  cut  that  these  two  dredges  are  now 
upon  is  finished  the  Culehra  will  have  a  straight  cut  from  the  end  of 
the  Panama  Railroad  pier  to  deep  water,  permitting  the  ladder 
dredges  to  be  used  farther  up  the  canal.    (Plate  24.) 

The  dipper  dredge  was  taken  out  of  commission  on  January  17, 
1908,  and  taken  to  the  ships  ways  for  overhauling,  it  being  the  inten- 
tion to  use  this  machine  for  subaqueous  rock  removal.  It  has  been 
found  that  a  dredge  of  this  type  is  not  as  economical  for  excavation 
in  soft  material  in  Panama  Bay  as  the  ladder  dredges,  and  it  will  not 
be  placed  in  commission  until  rock  removal  is  begun. 
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The  following  table  shows  the  output  by  months  during  the  fiscal 
year  and  the  comparative  cost  of  excavation  by  the  three  different 
types  of  dredges : 


Month  of— 


July 

August 

September 
October... 
November 
December. 


1907. 


Bactlon. 


Output. 


Cubic  ydi. 


1906. 


January.. 
February 
March  ... 

April 

May 

June 


Total  for  year. 
Average  cost.. 


111,626 
438,088 
622,577 
427,486 
903,765 
371,626 


2.174,954 


Cort. 


10.0269 
.0818 
.0276 
.0278 
.0420 
.0330 


.0814 


Ladder. 


Output. 


Cubic  ydi. 
76,698 
118,124 
131,908 
287,107 
294,073 
803,142 


314,691 
226,488 
260,704 
249,104 
226,711 
284,996 


2,772,641 


Oott 


10.221 
.144 

,vn 

.124 


.081 


.078 

.104 

.098 

.096 

.1148 

.0984 


JXpper. 


Ovtptit. 


dOdcfdt. 

81,.640 
00,160 
23,067 
70,016 
71,360 
46,409 


M,188 


826,774 


Coet. 


I&2806 

.2588 
.6918 
.2281 
•  U61 
.2464 


.2243 


.2610 


The  total  monthly  output  by  all  dredges  is  given  in  the  following 
table : 


Month. 


1907. 
July 

August 

September 

October 

November 

December 

1908. 

January 

Fe  bruary 

March 

April 

May 

June 

Totiil 


From  ca- 
nal  prlam, 
•oft  ma- 
terial. 


Ctt,yda, 
108.888 
168,284 
144,625 
357,122 
866„428 
840.651 


460.250 
668.519 
788,281 
676,539 
530,466 
666.621 


Frou 

aoceaeory 

worka.nft 

matedol. 


Ou.y<U, 


9,860 


6^264,019 


Orand 

total  cansl 

prfamaad 

acceisory 


108,838 
108.284 
168,976 
357.123 
865,423 
849.661 


460,260 
688,619 
788,281 
676,589 
680,466 
666,621 


6,273,869 


The  average  cost  per  cubic  yard,  place  measurement,  for  all  mate- 
rial dredged  during  the  fiscal  year  was  8.37  cents,  exclusive  of  cost 
of  "  plant "  and  general  items. 


DRY  EXCAVATION. 


During  January  one  of  the  construction  tracks  of  the  Pacific  lock 
division  was  extended  to  Cardenas  Hill,  and  early  in  February  a 
steam  shovel  (No.  157)  was  put  in  commission.  Owing  to  the  fact 
that  the  ground  is  very  soft  and  partially  flooded  at  high  tide,  it  was 
necessary  to  use  the  lightest  French  rolling  stock  obtainable.  The 
si)oil  from  this  steam  shovel  is  being  dumped  along  the  east  bank  of 
the  Rio  Grande,  parallel  to  the  canal  line,  and  this  dump  will  be  used 
as  a  retaining  wall  over  which  suction  dredges  can  pump  their  dis- 
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chaiige.  At  aone  pomts  the  ground  is  so  swampy  that  it  has  been 
necessary  to  lay  a  brush  mattress  before  any  fill  could  be  made  or 
Umck  laKl.  Owing  to  small  output,  55,490  cubic  yards  during  tlie 
fiscal  year,  and  heavy  cost  of  dump,  the  cost  of  excavation,  55.08 
cents  per  cubic  vard,  is  somewhat  large  for  earth  removal ;  but  as 
compared  with  the  oo6t  of  trestle  work  along  the  dike  line,  the  retain- 
ing le^ee,  as  now  built,  is  very  economical.  It  is  the  intention  to 
croe38  the  river  with  a  trestle  (forming  a  dam  by  making  fill  from 
saacie)  and  extend  the  levee  along  the  other  side  of  the  river  (and 
canal  axis)  toward  La  Boca.  To  date  ^,000  feet  of  dyke  have  been 
finisbed  and  a  partially  completed  line  has  been  completed  1,600  feet 
fartlier.  Surveys  have  been  made  to  detennine  the  most  practicable 
lifie  for  the  div«rsio]i  channel  to  take  care  of  the  drainage  above  the 
dam  referred  to. 

The  steam  ahorel  has  gone  considerably  below  high-water  level, 
and  it  was  found  neoeasary  to  erect  a  small  cofferdam  and  install  a 
puiup  to  i)erttut  the  shovel  to  work  at  all  stages  of  water. 

PLANT. 

The  old  JVench  ladder  dredge,  Na  l4,  was  under  process  of  re- 
building at  the  beginning  of  this  year.  This  work  was  completed 
daring  September,  1907,  and  the  plant  put  in  commission  in  the  new 
channel  on  September  24. 

The  old  French  ladder  dredge,  A-No.  2,  has  been  in  conunission  for 
about  five  years,  with  but  comjparatively  light  repairs,  and  upon  the 
completion  of  the  rebuilding  or  A-No.  3  (Gopher)  X-iso.  2  was  taken 
out  of  commissicm  (May  3, 1908)  and  taken  to  the  shipsways  for  com- 
plete oveiixauling. 

Authoritv  was  issued  on  Au^st  30, 1907,  to  rebuild  the  old  French 
ladder  dredge  A-No.  8  {Gopher)  and  the  work  was  at  once  begun. 
The  boat  was  launched  from  the  ways  on  March  3  and  put  into  com- 
mission on  May  4  in  the  cut  previously  occupie<l  by  dredge  A-No.  2. 

The  work  of  erection  of  dipper  dredge  No.  1,  by  the  Atlantic,  Gulf 
and  Pacific  Company,  was  completed  on  July  10,  and  the  plant  put 
into  commission  on  me  11th.  The  results  obtained  from  tins  dredge 
while  working  in  «oft  material  were  not  satisfactory  owing  to  the 
great  depth  of  the  water  and  to  the  unusually  large  tidKl  range. 
The  output  was  small,  and  the  breakage's  frequent  and  expensive. 
The  boat  was  finally  taken  out  of  commission  on  January  17  and 
taken  to  the  shipsways  for  overhauling.  It  has  not  since  Ix^en  in 
commission,  but  will  be  used  during  the  next  fiscal  year  for  sub- 
aqueous rock  excavation. 

Material  for  the  20-inch  pipe-line  suction  dredge  No.  84  was  re- 
ceived during  the  early  part  of  the  year,  and  ways  were  prepared 
for  its  erection.  The  hull  work  was  completed  early  in  May,  and  the 
boat  was  launched  on  Maj  14.  The  internal  machinery  is  now  being 
inataBed.  Complete  equipment  of  pontons  and  pipe  line  has  been 
made  lor  this  plant. 

The  ^eagoin^  suction  dredge,  Cvlehra^  after  a  voyage  of  12,000 
miles,  arrived  in  the  Bay  of  Panama  on  December  28,  and  after  slight 
overhauling  was  put  in  commission  on  January  21.  The  performance 
of  this  dredge  his  been  excellent  and  it  is  a  valuable  addition  to  the 
plant     (Plate  25.) 
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The  tug  La  Boca  (formerlv  the  E.  G,  Reynolds)  arrived  at  La 
Boca,  via  the  Straits  of  Magellan,  on  February  23  after  a  very  rou^h 
passage.  The  vessel  was  given  a  general  overhauling  and  fitted  for 
service  as  dredge  tender  and  tug.  This  boat  is  a  powerful  tug,  of  ex- 
cellent design,  and  has  given  complete  satisfaction. 

Instructions  were  received  to  rebuild  water  boat  No.  2  for  the  use 
of  the  sanitary  department.  The  boat  was  put  on  the  ways  during 
March,  1908,  and  the  old  plating  replaced.  The  hull  was  launched  on 
June  8,  and  the  internal  machinery  is  being  installed ;  superstructure 
erected,  deck  laid,  etc. 

The  necessary  material  was  collected  from  French  stock  lying  in 
the  vicinitv  of  La  Boca  for  an  100-ton  coal  barge.  The  sections  were 
taken  to  tne  shipsways,  assembled,  and  the  barge  launched  on  No- 
vember 6,  1907. 

A  boiler,  engines,  and  hoisting  machinery  were  installed  in  a  small 
French  hull  found  in  the  Rio  Grande;  a  derrick  and  boom  erected, 
and  a  clam-shell  bucket  provided,  making  a  fairly  satisfactory  coal 
hoist^  which  is  used  in  connection  with  the  dredging  plant. 

Prior  to  the  change  in  lock  and  dam  plans  in  the  Pacific  division 
it  was  intended  to  abandon  the  machine  shop  and  shipsways  within 
a  few  years,  and  for  this  reason  no  repairs  were  made  that  were  not 
absolutely  necessary  at  the  time.  Since  it  has  been  settled  that  Old 
La  Boca  will  not  be  flooded,  the  shops  are  being  put  in  condition  for 
permanent  use.  A  new  roof  has  been  placed  on  the  shipsways,  ex- 
tensions made  to  both  the  shop  and  shipsways,  and  a  number  of  new 
machines  installed. 

Plans  have  been  prepared  for  an  800- foot  wharf,  to  be  located  near 
the  shipsways,  and  fronting  on  the  Rio  Grande.  Extensive  borings 
and  test  pit  work  have  been  done  to  determine  the  nature  of  the  foun- 
dation and  requisition  will  soon  be  made  for  all  material  required, 
and  the  work  of  erection  pushed. 

All  dapets,  launches,  dredges,  etc.,  have  been  kept  in  running  re- 
pair during  the  year. 

FUEL   OIL. 

Oil  burners  have  been  installed  at  the  machine  shop,  shipsways,  on 
dredge  Gopher  (A  No.  3)  and  on  clapet  No.  9.  The  results  have  been 
very  satisfactory,  though  the  new  fuel  has  not  been  in  use  sufficiently 
long  to  enable  accurate  figures  to  be  compiled  on  comjjarative  cost  of 
operation.  Arrangements  are  being  made  to  fit  practically  all  plant 
with  oil  burners. 

MISCELLANEOUS. 

Material  has  been  received  for  six  sand  barges,  which  are  to  be 
erected  for  use  in  connection  with  lock  construction.  Temporary 
track  has  been  laid  to  the  erecting  yard  (located  near  the  La  Boca 
lumber  yard) ,  though  the  assembling  of  parts  has  not  yet  been  begun. 

Clapet  No.  11  was  fitted  with  derrick,  boom,  and  hoisting  ma- 
chinery, and  placed  in  commission  as  a  wrecking  barge.  Sunken 
French  dredge  No.  20,  lying  in  the  channel  near  the  new  wharf,  is 
l)eing  dynamited  and  the  scrap  taken  to  sea  and  dumped.  To  date 
about  250  tons  of  material  have  been  wrecked  and  disposed  of. 

During  the  latter  part  of  May,  a  loaded  lighter  belonging  to  the 
Panama  Kailroad  Company  sank  in  the  basin  alongside  the  new 
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wharf,  and  the  wrecking  crew  was  transferred  to  the  railroad  com- 
pany to  raise  the  sunken  barge. 

Tne  launch  Balboa  (which  was  transferred  from  the  Pacific  lock 
to  the  Colon  dredging  division)  was  dismantled,  and  the  hull  and 
internal  machinery  were  loaded  on  flat  cars  for  shipment  to  Colon. 

Many  small  repairs  and  manufacturing  jobs  have  been  done  for 
other  divisions,  lor  the  Panama  Railroad,  the  torpedo  flotilla,  and 
for  the  steamship  companies  whose  vessels  make  port  at  La  Boca. 

Surveys,  Maps,  etc. 

The  work  of  running  a  duplicate  line  of  precise  levels  across  the 
Isthmus  was  authorized  on  February  24,  and  request  made  upon  the 
Mississippi  River  Commission  for  the  temporary  transfer  of  two 
precise  levelmen  and  outfits.  Prior  to  their  arrival  on  the  Isthmus 
special  bench  marks  were  designed  and  manufactured,  these  monu- 
ments being  placed  and  located  oy  two  field  parties.  Messrs.  Thomas 
and  Wolbrecht,  levelmen,  reached  the  Isthmus  on  June  2,  and  have 
run  duplicate  lines  from  the  Atlantic  end  to  a  point  near  Bohio,  and 
from  tne  Pacific  end  to  a  point  near  Empire.  Climatic  conditions 
make  work  of  this  character  very  slow. 

On  September  4,  1907,  the  preparation  of  three  general  maps  of 
the  Isthmus  (scales  1 :  12000, 1 :  40000  and  1 :  100000)  was  authorized, 
and  the  work  placed  in  charge  of  this  division.  At  the  close  of  the 
fiscal  year  the  1 :  12000  map  was  practically  completed ;  the  1 :  40000 
map  was  90  per  cent  completed,  and  the  1 :  100000  map  projected.  In 
order  to  prepare  the  1 :  100000  scale  map  along  the  lines  contemplated, 
it  will  be  necessary  to  make  extensive  surveys  of  the  upper  Cnagres 
Valley.  An  estimate  of  the  probable  cost  of  this  survey  has  been 
made  and  submitted. 

During  the  earl^  part  of  the  year  two  ori^nal  maps  of  the 
boundary  line  location  were  prepared  and  submitted  in  compliance 
with  the  requirements  of  the  treaty  with  the  Republic  of  Panama. 
Tracings  were  made  and  blueprints  furnished  to  all  concerned. 

A  number  of  minor  surveys  and  observations  have  also  been  made. 

In  connection  with  the  division  of  meteorology  and  river  hydraulics, 
regular  records  of  tides  and  rainfall  have  been  kept. 

Respectfully  submitted. 

D.  D.  Oaillard, 
Major ^  Corps  of  EngineerSy  U.  S.  Army^ 

Member  of  Isthmian  Canal  Cornmission^ 
Head  of  the  Department  of  Excavation  and  Dredging. 

Lieut.  Col.  George  W.  Goethals, 

Corps  of  Engineers^  U.  S.  Army^ 

Chairman  and  Chief  Engineer^  Isthmian 

Canal  Commission^  CuUbra^  Canal  Zone. 
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APPENDIX  B. 

REFOBT  OF  XAT.  WX.  L.  SIBEST,  C0BP8  OF  EHOIHEESS,  V.  8. 
jLRXT,  MEMBES  OF  ISTHKIAH  CAHAL  COMXISSON,  HEAD  OF 
TEE  SEPABXXEHT  OF  LOCK  AHD  DAX  COHSTBTTCTIOH. 


CuLEBRA,  Canal  Zone,  July  i,  1908. 

Sib  :  I  have  the  honor  to  submit  the  following  report  of  work  done 
by  the  department  of  lock  and  dam  construction  during  the  fiscal 
year  ending  June  30,  1908: 

The  permanent  or^nization  of  this  department  had  not  been  com- 
pleted at  the  beginning  of  the  fiscal  year.  The  work  of  conntnicting 
the  Gatun  locks  and  dam  was  being  done  by  Mr.  William  Geri^, 
division  engineer,  Colon  construction  division,  in  addition  to  his 
other  work.  The  work  connected  with  the  construction  of  the  La 
Boca  locks  and  dam  was  being  performed  by  Mr.  William  G.  Comber, 
division  engineer.  La  Boca  construction  division,  in  addition  to  his 
other  work.  On  May  17,  1907,  Mr.  S.  B.  Williamson  reported  for 
duty,  and  on  July  15  he  was  appointed  division  engineer.  La  Boca 
lock  construction  division.  Maj.  Chester  Harding  was  employed  and 
assigned  to  duty  August  7,  1907,  as  division  en^neer,  (jatun  lock 
construction  division.  The  permanent  organization  for  the  larger 
part  of  the  fiscal  year  was  as  follows :  WiUiam  Gerig,  division  engi- 
neer, Gatun  dam  division;  Chester  Harding,  division  engineer, 
Gatun  lock  construction  division;  S.  B.  Williamson,  division  engi- 
neer. La  Boca  lock  construction  division,  until  December  17,  1907, 
and  from  that  date  to  the  end  of  the  fiscal  year  division  engineer, 
Pacific  lock  and  dam  construction  division;  William  G.  Comber, 
division  engineer.  La  Boca  dam  construction  division  until  a  change 
of  project  eliminated  the  La  Boca  dams,  and  Mr.  Comber^s  duties 
connected  with  the  lock  and  dam  department  thereafter  were  con- 
fined to  surveys,  etc 

Gatun  Locks. 

[MaJ.  Crbstbb  Hakdinq,  dlTialon  engineer.] 

This  work^  as  previously  stated,  was  in  local  charge  of  Mr.  William 
Gerig,  division  engineer,  until  August  7,  1907,  and  from  that  date 
until  the  end  of  the  fiscal  year  under  Maj.  Chester  Harding,  division 
engineer. 

!lie  work  of  determining  the  character  of  the  material  underlying 
the  Gatun  locks  was  continued  throughout  the  fiscal  year.  The  bor- 
ings in  existence  prior  to  the  beginning  of  the  year  only  extended  a 
few  feet  below  the  foundation  of  the  lower  lock  of  the  series,  and  it 
was  decided  to  bore  another  series  of  holes,  extending  at  least  50  feet 
below  this  foundation,  with  a  view  of  determining  with  neater  defi- 
niteness  the  character  of  the  underlying  material,  and  &r  the  pur- 
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poee  of  fixing  the  thickness  of  the  various  strata  under  the  lock  foun- 
dations. As  these  holes  were  drilled,  the  drillers  continued  to  report 
a  layer  of  black  sand,  a  similar  layer  having^  been  reported  under  the 
noruiem  part  of  the  lock  foundations.  While  it  was  necessary  to 
chop  this  material,  it  was  washed  up  after  chopping  apparently  as 
sand.  The  persistence  of  this  stratum  led  me  to  oelieve  that  it  might 
be  water  bearing,  so  im  Deeemb^  5  I  instructed  Maj.  Chester  Hard- 
ing as  follows: 

In  boring  the  last  lioles  at  Gatnn,  I  would  like  to  hara  experiments  made 
with  a  Tiew  of  determining  tlie  amoont  of  clay,  or  other  cementing  material, 
that  is  fonnd  along  with  the  black  sand.  This  might  he  obtained  by  catching 
all  the  water  corresponding  to  a  definite  length  of  hole  and  allowing  it  to  settle. 
If  yon  hsTe  not  done  it,  please  pump  ont  one  of  these  holes  and  try  to  determine 
whether  this  material  is  foHy  satnrated  with  water,  and  if  so,  the  amount  of 
water  tliat  can  l>e  pnmped  ont  of  it  in  a  definite  time. 

^lajor  Harding  found  the  material  in  question  to  be  water  bearing, 
and  was  then  directed  to  dig  a  test  pit  and  make  a  systematic  series 
of  seepage  tests,  takingthe  various  water  levels  in  different  holes  as 
affectM  by  pumping.  He  found  the  black  sand  to  be  a  soft  sandstone. 
He  tested  tne  bearing  capacity  under  actual  load  of  this  soft  sand- 
stone, as  well  as  that  of  the  aigillaceous  sandstone  mixed  with  tufa 
underlying  this  soft  sandstone. 

The  strata  underlying  the  lock  foundations  are  shown  on  Plate  41 ; 
the  top  stratum,  designated  ^  ar^llaceous  sandstone,"  is  quite  imper- 
vious, except  where  fissured;  the  underlying  "conglomerate''  is  to 
some  extent  water  bearing;  it  is  also  fissured;  the  "  soft  sandstone ^ 
is  water  bearing  and  fissured ;  and  the  "  argillaceous  sandstone  mixed 
with  tufa  '^  is  water  bearing  where  the  tufa  predominates. 

Water  rose  in  the  drill  holes  after  the  soft  sandstone  was  encoun- 
teredo,  and  on  the  20th  of  January  the  hvdraulic  CTade  line,  as  indi- 
cated by  water  surface  in  holes,  was  as  s^own  on  Flate  41.  The  test 
pit  was  kept  unwatered  as  it  was  dug,  and  the  effect  on  the  surround- 
ing ground  water  will  be  noted  on  f  late  41,  referred  to  above.  The 
water  was  lowered  8.8  feet  in  hole  Xo.  681,  1,250  feet  away  from  the 
test  pit.  and  the  level  of  water  in  holes  as  much  as  2,000  feet  away 
was  affected  by  the  un watering  of  the  test  pit.  The  hydraulic  grade 
lines  of  January  20.  1908.  when  pumping  in  test  pit  was  commenced, 
and  March  13. 1908.  when  pumpmg  ceased,  are  shown  on  Plate  41. 

Bv  your  direction,  a  detailed  report  of  these  investigations  was 
macfe  to  vou  throu^  this  office  by  Major  Harding  on  July  23, 1908. 

The  etfect  of  pumping  out  the  test  pit  on  the  water  levels  in  the  sur- 
rounding holes  indicates,  to  my  mind,  that  the  water  passed  through 
small  crevices  in  the  rock,  rather  than  generally  throu^  the  material, 
and  that  <^ince  these  crevices  are  probably  due  to  volcanic  action  the 
depth  of  them  can  not  be  determined.  This  state  of  facts  was  un- 
known before,  and  while  it  has  delayed  the  design  of  the  locks,  it  does 
not  impose,  it  is  thought,  any  condition  that  can  not  be  fully  met  in 
the  design. 

LOCK  EXCATATIOS. 

The  total  amount  of  material  excavated  from  the  lock  site  during 

the  fi.sca]  vear  was  1.769.115  cubic  vards,  of  which  190,013  cubic  vards 

were  added  to  the  rock  fill  at  the  south  toe  of  the  dam,  where  it 

crof-ses  the  old  bed  of  the  Chfigres  and  the  Frendi  Canal.  694.324 

'  yardb  were  deposited  immediately  to  the  west  of  the  lock  site  as 
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a  construction  fill,  on  which  will  be  placed  the  plant  for  handling  con- 
crete material  for  lock  construction,  and  the  remainder  was  delivered 
to  the  Panama  Railroad  in  the  Gatun  yard  and  used  in  the  fill  on  the 
relocation  south  of  Gatun. 

Accompanying  this  report  are  drawings  (Plates  42,  43,  44)  giving 
three  cross  sections  in  each  lock  chamber,  showing  in  each  section  the 
original  surface  of  the  ground,  the  state  of  the  excavation  on  July  1, 
1907,  the  amount  excavated  during  the  fiscal  year,  and  the  amount 
remaining  to  complete  the  excavation. 

The  excavation  thus  far  made  has  not  required  other  drainage  than 
that  by  gravity  through  a,  small  ditch  outWom  the  north  enifof  the 
excavation  into  the  east  diversion.  This  ditch  drains  the  excavation 
to  level  plus  8.  A  pumping  plant  has  been  ordered,  and  in  part  re- 
ceived, for  pumping  the  drainage  of  levels  lower  than  plus  8  from  a 
sump  dug  for.  the  purpose  at  the  south  end  of  the  locks.  Studies  have 
been  made  and  a  definite  decision  reached  as  to  the  method  of  exca- 
vating the  north  end  of  the  lower  lock  and  for  excluding  water  from 
the  excavation  of  the  lower  lock  chamber  by  a  coflFerdam.  The  de- 
signs for  this  cofferdam  have  been  studied  and  are  complete.  Studies 
have  been  made  of  forms  for  the  lock  walls  and  have  reached  a  point 
where  further  progress  is  impracticable  until  the  foundation  plan  and 
wall  sections  are  determined. 

In  addition  to  the  actual  work  of  excavation,  preparatory  and  inci- 
dental work  have  also  been  accomplished.  Detail  plans  have  been 
Erepared  for  a  material-handling  plant,  and  a  local  repair  shop  has 
een  erected  and  put  in  operation. 

The  following  is  a  table  showing  the  excavation,  by  months,  num- 
ber of  shovels,  rainfall,  etc. : 


Report,  by  months,  of  excavation  for  year  ending  June  SO,  1908. 


Month. 


1907. 


Jnly. 


September 
October... 
Noreinber 


1908. 


Febmaxjr 
March... 
Ai 


Jane. 


Total. 


Maximum , 

QUA&tltj. 

Avemge 

number  of 

•boreU 

at  work. 

Avengfe 

per  dar  per 

Bbovel. 

daily  aver- 1 
age  per 

monto  for 
single 
shovel. 

Cu^ydM, 
M,587 

8.0 

763 

802 

78,867 

8.68 

800 

900 

87,428 

4.21 

1.134 

186,777 

&00 

1.013 

1,140 

121,685 

4.92 

1.031 

1,142 

160,796 

5.00 

1,286 

1.482 

196,567 

5.65 

1.317 

1,477 

176,291 

5.83 

1,250 

1.367 

219,661 

6.42 

1,815 

1,574 

225.467 

6.92 

1,808 

1,625 

166.410 

5.76 

1.156 

1,390 

148,295 

4.78 

1.165 

1.829 

1,769,116 

5.01 

1,142 

Rainfall. 


Inehei. 

11.12 

16.37 

8.66 

8.66 

14.27 

5.58 


8.18 


1. 
2. 
1. 


29 
81 
47 


17.30 
18.88 


106.99 


Coat  per 
cubic  yard 
of  excava- 
tion for 

each 
month. 


80.72 
.M 
.56 
.88 
.43 
.8163 


.2746 
.3238 
.2861 
.2730 
.3431 
.8861 


Namber  working  dayi  in  year 

Arvrmge  per  day cubic  yards. 

NamDer  sbcvel  days  In  year 

Aretnge  per  day  per  ahorel cubic  yards. 

Total  nnmber  locomotive  days . 

Average  nnmber  locomotivea  per  day — 

Average  nnmber  can  on  hand : 

U  W.  0 

O.  D.  aSnce  March 


:w5 

5,  8<)0 
1,549 
1,  142 
2,867 
».  4 

80 
26 
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Photographs  showing  progress  of  the  lock  excavation  are  attached. 
(Plates  30,  31,  32.) 

STONE  FOB  OONCBETE. 

It  was  decided  before  the  beginning  of  the  past  fiscal  year  that  the 
stone  for  the  concrete  would  oe  quarried  at  Porto  Bello,  about  20 
miles  east  of  Colon.  On  December  1  Major  Harding  placed  Capt. 
Horton  W.  Stickle  in  local  charge  of  this  work. 

A  shipping  wharf  has  been  constructed,  together  with  numerous 
storehouses.  A  gravity  concrete  dam  across  £1  Mango  Creek  has 
been  built,  which  impounds  27,000,000  gallons  of  water.  An  office 
building,  six  labor  barracks,  bachelor,  and  other  quarters  have  been 
erected,  and  a  sewerage  system  has  been  installed. 

One  steam  shovelTs  at  work,  the  quarry  plant  is  being  installed, 
and  the  development  of  the  quarry  is  well  under  way. 

BAND  FOB  OONCBETE. 

A  survey  party  has  been  at  Nombre  de  Dios,  40  miles  from  Colon, 
since  May  3,  charged  with  determining  the  extent  and  location  of 
sand  deposits  at  that  place,  making  a  h^drographic  survey  of  the 
harbor,  and  a  survey  of  the  village  and  vicinity.  One  million  yards 
of  sand  have  been  located,  and  recommendation  for  the  adoption  and 
development  of  a  project  to  secure  sand  for  the  Gatun  locks  at  that 
place  has  been  maae. 

GKNEBAL. 

In  connection  with  handling  the  concrete  material,  requisitions 
have  been  submitted  for  3  tugs,  1  stern-wheel  towboat,  14  stone  barges, 
and  1  30-foot  navy  cutter.  Two  tugs  and  the  cutter  have  been  deliv- 
ered and  are  in  service.  The  hull  for  the  stem-wheel  towboat  has 
been  delivered  and  is  under  erection.  Requisitions  have  also  been 
submitted  and  approved  for  material  to  construct  a  1,200- foot  wharf 
near  dock  14,  some  of  which  material  is  now  being  received. 

Gatdn  Dam. 

[William  Qsrio,  division  engineer.] 

The  work  during  the  fiscal  year  has  been  confined  to  digging  the 
spillway,  the  construction  of  the  rock  fills  along  the  north  and  south 
toes  of  the  dam,  cleaning  out  the  old  bed  of  the  Chagres  and  the 
French  canal,  to  preliminary  work,  and  to  investigations  as  to  the 
material  underlying  the  dam,  and  as  to  the  location  of  suitable  mate- 
rial out  of  whidi  to  construct  the  dam. 

SPILLWAY. 

During  the  fiscal  year  918,920  cubic  yards  of  material  have  been 
excavatra  in  the  spillway.  This  channel  has  been  made  300  feet 
wide,  the  elevation  at  its  bottom  at  the  south  end  is  plus  10,  thus  pre- 
serving a  lajer  at  least  15  feet  thick  of  compact  argillaceous  sand- 
stone overlymg  the  conglomerate  rock  below. 

The  excavation  of  the  spillwaj,  in  so  far  as  its  use  as  a  diversion 
channel  for  the  Chagres  River  is  concerned  during  the  construction 
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of  the  main  dam,  is  nearing  completion;  it  is  expected  to  complete 
the  excavation  on  or  before  September  1. 

This  excavation  was  started  during  the  wet  season,  and  great  diffi- 
culty was  encountered  in  maintaining  tracks.  The  following  table 
gives  the  history  and  cost  of  this  excavation : 

Report^  by  months,  of  excavation  for  year  endinff  June  SO,  1908, 


Month. 


1907. 


July 

AUgOBt 

September 
October... 
Noyember 
December. 


1906. 


rannary.. 
Febmary 
March... 
April 

luy 

Jane 


Quantity. 

Aremge 

nmnberof 

■hoTels  at 

work. 

Averaffe 

per  day 

pershoTttl. 

Arenge 
per  month 
forihorelfl. 

Rainia]!. 

Cu^ydM. 
14,828 

ifidba. 

1.88 

428 

10.971 

11.12 

2.00 

496 

13,483 

16.87 

88,316 

ZOO 

767 

18,156 

8.66 

40.296 

2.00 

746 

20.118 

8.66 

40,987 

2.00 

554 

20.498 

14.27 

69,766 

ZOO 

1,895 

84,878 

5.68 

96.688 

8.00 

1,264 

82.802 

8.18 

106,606 

8.75 

1.188 

28,401 

1.29 

166,067 

4.60 

1.813 

34,462 

2.81 

147,969 

6.00 

1,184 

29,607 

1.47 

100,887 

4.40 

906 

22,290 

17.80 

101,666 

8.50 

1.U7 

29,0«5 

13.38 

Ooat  per  cu- 
bic yard  of 
excavation 
for  each 
month. 


81.0658 
.7528 
.6204 
.5492 
.5882 
.8826 


.8841 
.8506 
.2726 
.8881 
.4617 


Total 


988,901 


2.96 


1.048 


31,827 


103.99 


4069 


Number  working  days  In  year 305 

Average  per  day ^ cubic  yards —  3,078 

Number  sbovei  daya  in  year 000 

Arerage  per  day  per  shovel cubic  yards —  1,043 

Total  number  locomotive  days 1,720 

Average  number  locomotives  per  day 5.  7 

Avenge  number  cars  on  hand 28.83 

A  photograph  showing  progress  of  the  spillway  excavation  is 
attached.     (Plate  33.) 

FILLS  AT  TOES  OF  DAIC. 

A  trestle  was  constructed  along  the  south  toe  of  the  dam,  except 
across  the  west  diversion,  for  use  in  making  a  rock  fill.  In  this  toe 
have  been  placed  36,669  cubic  yards  of  Bas  Obispo  rock  and  329,257 
cubic  yards  of  material,  largely  rock,  excavated  from  the  spillway 
and  the  lock  site.  A  trestle  was  also  constructed  alon^  a  portion  of 
the  north  toe  of  the  dam,  from  which  175,140  cubic  yards  or  material, 
excavated  from  the  spillway,  was  wasted. 

PRELIM  IN  ABY   WOSK. 

An  area  of  over  20  acres  has  been  cleared  on  Gatun  and  spillway 
islands,  most  of  it  grubbed  and  burned.  The  native  huts  in  the  village 
of  Gatun  have  been  torn  down  and  the  old  Catholic  church  with  its 
concrete  foundations  has  been  moved.  Two  lines  of  sheet  piling  have 
l)een  driven  across  the  old  Chagres,  for  the  purpose  of  forming  coffer 
dams  for  unwatering  that  portion  of  the  bed  of  the  stream  under- 
lying the  dam.  It  is  a  part  of  the  programme  to  pump  out  that  part 
of  the  bed  and  remove  all  unsuitable  material  and  make  a  suitable 
connection  between  the  underlying  material  and  the  dam  proper. 
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Under  the  general  direction  of  Division  Engineer  William  Gerig, 
Assistant  Division  Engineer  C.  M.  Saville  has  carried  on  investiga- 
tions for  the  purpose  of,  first,  finding  suitable  material  for  use  in 
constructing  the  earthen  dam ;  second,  determining  the  nature  of  the 
foundations  of  the  dam  and  spillway,  and  third,  by  means  of  a  model 
dam  studying  the  suitability  and  stability  of  material  as  well  as  con- 
struction methods  for  application  to  the  proposed  Gatun  dam. 

In  locating  suitable  material  for  constructing  the  earthen  dam, 
soil  surveys  were  made  by  wash  drill  borings  m  the  valley  of  the 
Chagres  near  its  junction  with  the  west  diversion  and  in  the  Gatun- 
cillo  valley  south  of  the  dam.  The  facts  developed  by  these  surveys, 
together  with  previous  borings,  indicate  that  there  is  available,  within 
1^  miles  of  the  dam,  suitable  material  in  sufficient  quantity  for  the 
building  of  the  dam. 

In  the  investigation  for  the  dam  and  spillway  foundations,  a  line 
of  borings  along  the  center  line  about  200  feet  apart  and  two  test 
pits,  one  on  Gatun  Island  and  the  other  in  the  spillway  were  started. 
The  test  pit  on  Gatun  Island  is  20  feet  square,  and  the  one  at 
the  head  of  the  spillway  is  12  feet  square.  The  material  en- 
countered in  the  test  pit  in  the  spillway  is  rock  and  is  a  formation 
somewhat  similar  to  that  underlying  the  locks  at  Gatun.  This  cor- 
roborates the  earlier  records.  The  records  of  the  test  pit  on  Gatun 
Island  show  a  brown  sandy  claj  from  the  surface  to  about  plus  1 ; 
from  plus  1  to  minus  2^  a  bluish  yellow  clay;  from  minus  2i  to 
minus  30  a  blue  sandy  clay ;  from  minus  30  to  minus  40  a  blue  clay 
with  a  mixture  of  decayed  vegetation,  and  below  that  apparently  a 
sea  deposit  composed  oi  dark-olue  clay  with  a  large  proportion  of 
shells.  The  material  encountered  below  minus  30  is  apparently  prac- 
tically impermeable,  while  above  that  there  was  a  sligbt  infiltration 
of  water  into  the  pit,  but  not  more  than  would  be  expected  through 
excellent  dam  material. 

It  has  been  decided,  as  an  extra  precaution,  to  drive  a  row  of  triple 
lap  sheet  piles  down  into  the  more  impermeable  stratum  under  the 
core  of  the  dam. 

The  filtration  tests  and  tests  with  the  experimental  dam  as  ordered 
by  you  have  been  continued.  For  tests  of  frictional  resistance  of 
various  soils  filtration  tests  have  been  made  in  the  tanks,  and  tests 
have  also  been  made  of  various  rocks  found  in  the  excavation  to 
determine  their  resistance  to  percolation  of  water  and  to  abrasion,  if 
subjected  to  a  high  velocity  of  water.  Mechanical  analyses  of  vari- 
ous soils  are  under  way  in  connection  with  filtration  tests  of  various 
materials  and  their  resistance  to  flow. 

A  model  dam  has  been  built  of  material  similar  to  that  to  be  used 
in  buildinff  the  actual  dam.  This  model  dam  was  built  by  means  of  a 
centrifugal  pump  taking  material  from  a  barge  in  which  it  was 
brought  up  the  river.  The  method  of  building  was  to  discharge  all 
material  into  the  dam  at  the  downstream  or  north  toe,  and  allow  it 
to  grade  itself  toward  the  upstream  face.  This  dam  was  built  to 
one-twelfth  scale  and  tested  with  a  corresponding  head  of  water,  and 
the  results  were  exceedingly  satisfactory.  The  plan  of  procedure 
was  to  build  this  dam  out  of  different  grades  of  material  thought  to 
be  good  and  to  vary  its  construction :  nrst,  to  build  a  dam  by  pump- 
ing the  material  into  it  from  the  downstream  side  only;  and  second, 
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to  build  one  by  pumping  the  material  into  it  from  both  sides,  allow- 
ing the  finer  material  to  settle  in  the  central  portion.  The  first  ex- 
periment is  complete  and  the  second  is  under  way. 

FLANT  OONBTBUCnON. 

Three  20-inch  pipe-line  suction  dredges  were  delivered  knocked 
down,  under  contract,  by  the  Maryland  Steel  Company.  They  were 
erected  at  the  dry  dock  of  the  Colon  dredging  division.  No.  82  was 
launched  on  December  19  and  sent  to  Gatun  in  March,  although  not 
entirely  completed.  This  dredge  started  work  in  the  Chagres  River 
pumping  the  soft  material  out  of  the  bed  on  the  1st  of  April.  She 
was  sent  back  to  the  shops  for  overhauling  and  completion  on  June 
12.  No.  83  was  completed  about  that  time,  and  No.  85  is  launched,  but 
not  entirely  completed. 

Chang£  of  Location  of  Locks  and  Dams  on  the  Pacific  Slope. 

At  the  beginning  of  the  fiscal  year  the  adopted  project  contem- 
plated the  construction  of  one  lock  at  Pedro  Miguel  and  two  at  La 
Boca,  and  of  two  dams  at  La  Boca,  one  connecting  Corozal  and  Sosa 
Hills,  and  the  other  San  Juan  and  Sosa  Hills.  The  plan  of  dam  con- 
struction was  to  build  rock  ridges  and  construct  an  earthen  dam  be- 
tween these  ridges.  The  Culebra  division  undertook  to  construct 
these  rock  ridges  out  of  waste  material  from  the  Culebra  Cut,  and  in 
the  performance  of  this  work  constructed  trestles  along  the  toes  of  the 
dam  connecting  Corozal  and  Sosa  Hills.  Great  difficulty,  however, 
was  experienced  in  making  these  fills.  The  material  underlying  con- 
tinued to  slip,  disrupting  the  trestles  and  at  times  overturning  trains. 
Finally  authority  was  obtained  from  you  to  commence  investigations 
with  a  view  of  finding  a  new  location  for  the  La  Boca  looks  and 
dams  somewhere  between  Pedro  Miguel  and  the  sea.  In  giving  this 
authority  you  suggested  that  a  trial  be  made  at  Mirafiores.  In  pur- 
suance of  this  authority,  Mr.  S.  B.  Williamson,  division  engineer,  was 
instructed  to  commence  borings  at  Mirafiores  and  to  follow  the  old 
center  line  of  the  French  canal  with  borings  1,000  feet  apart  for  a 
certain  distance;  then  to  incline  his  line  of  borings  toward  Aguadulce 
Hill,  with  a  view  of  developing  the  territory  between  Mirafiores  and 
A^adulce  Hill  if  the  preliminary  borings  "gave  any  encouragement. 
The  former  chief  engineer.  John  F.  Stevens,  m  his  investigations  with 
a  view  of  locating  tne  Iocks  and  dams  on  the  Pacific  slope  at  Agua- 
dulce Hill,  had  had  explored  thoroughly  the  territory  immediately 
south  of  that  to  be  explored  by  Mr.  Williamson.  These  latter  ex- 
plorations led  to  the  development  of  suitable  sites  for  locks  between 
Mirafiores  and  Cocoli  Hill.  Cocoli  Hill  joins  Aguadulce  Hill.  They 
also  developed  the  fact  that  rock  foundations  existed  for  dams  con- 
necting these  locks  to  the  hills  on  either  side. 

Mr.  Williamson  prepared  a  report  embodying  the  result  of  his 
investigations  and  studies.  This  was  forwarded  with  a  report  by 
me,  dated  December  3, 1907.  In  both  of  these  reports  it  was  recom- 
inended  that  the  two  locks  to  be  built  at  La  Boca  be  built  between 
Mirafiores  and  Cocoli  Hill,  and  in  my  report  that  the  same  be  con- 
nected to  the  hills  on  the  east  and  west  by  concrete  dams  founded  on 
rock. 

A  portion  of  these  investigations  was  made  during  my  absence  on 
leave  and  imder  your  immediate  direction. 
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After  the  above  reports  were  made  further  investigations  indicated 
that  three  locks  could  be  built  at  Miraflores,  and  a  report,  dated 
January  31,  1908,  was  submitted  to  you,  setting  forth  the  relative 
cost  of  constructing  and  maintaining  all  of  the  locks  on  the  Pacific 
slope  at  Miraflores,  and  the  project  for  building  two  there  and  one  at 
Pedro  Miguel,  together  with  the  relative  advantages  and  disadvan- 
tages to  navigation  presented  by  the  two  projects. 

The  greater  part  of  the  construction  work  done  under  the  old 
project  was  userul  work.  It  has  been  decided  to  obtain  the  stone  for 
the  locks  at  Miraflores  from  the  prior  lock  site  at  La  Boca,  and  the 
preliminary  work  done  at  the  latter  site  is  practically  all  useful  work 
in  the  development  of  the  quarry  at  that  place.  The  trestles  built 
between  Corozal  and  Sosa  Hill  will  be  utilized  in  hauling  stone  and 
sand  from  La  Boca  to  the  lock  site  at  Miraflores.  The  drainage 
ditch  dug  between  Ancon  and  Sosa  Hills  becomes  a  necessary  part  of 
the  present  project,  acting  as  a  diversion  channel  diverting  from  the 
sea-level  portion  of  the  canal  water  coming  down  the  Curundi  River. 

In  making  the  investigations  with  a  view  of  relocating  the  locks, 
23  test  holes  were  bored  along  the  channel  between  Aguadulce  and 
La  Boca  to  determine  the  nature  of  the  material  to  be  dredged 
between  these  points.  The  aggregate  depth  of  these  holes  is  1,225.2 
feet,  of  which  1,102.7  feet  were  spudded  and  122.5  feet  diamond 
drilled. 

Work  on  the  New  Project,  Pacific  Slope. 

[S.  B.  Williamson,  Division  Engineer,  Pacific  Lock  and  Dam  Division.] 

PEDBO   MIGUEL  LOCKS  AND  DAMS. 

Borings, 

In  the  past  year  14  additional  test  holes  were  bored  at  the  lock  site, 
aggregating  875.2  feet  in  depth,  of  which  90.8  feet  were  wash-drill 
ana  784.4  reet  diamond-drill  borings.  In  all  cases  the  borings  were 
driven  through  solid  rock  to  a  depth  of  at  least  25  feet  below  the  pro- 
posed foundations. 

Construction. 

It  was  more  economical  and  expedient  for  the  Culebra  division 
to  excavate  the  lock  site  to  reference  plus  40  in  connection  with  their 
adjacent  work.  The  amount  of  material  moved  by  them  is  1,071,696 
cuoic  yards. 

In  June,  1908,  the  lock  and  dam  division  began  operating  one 
shovel  at  the  lower  end  of  the  site  and  the  construction  of  a  railway 
track  connecting  the  work  at  Pedro  Miguel  and  Miraflores ;  also  grad- 
ing for  a  track  west  of  and  approximately  parallel  to  the  Fedro 
Miguel  site.  Both  are  to  be  used  as  dump  tracks  and  for  transport- 
ing materials  and  supplies.  It  is  proposed  to  install  three  more 
shovels  on  this  work  as  rapidly  as  possible.  Following  is  total  of 
work  performed : 

Grading  for  tracks cubic  yards,-  6,335 

Track  laid linear  feet—  8, 000 

Track  surfaced . ^do 2,050 

Excavated  at  lock  site: 

In  prism cubic  yards.-  6,832 

Accessory do 661 
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icisArLoaEs  locks  and  dams. 
Borings. 

While  conducting  the  examinations  previously  mentioned,  266  holes 
were  bored  on  and  in  the  vicinity  of  the  sites  finally  selected  for  the 
locks  and  dams,  the  aggregated  depth  being  18,181.2  feet,  of  which 
9,580  feet  were  wash  drill,  8,168.4  feet  diamond-drill  borings,  and 
432  feet  open  test  pits  extending  to  the  rock  surface.  All  borings 
were  carried  into  the  solid  rock  to  a  minimum  depth  of  25  feet  below 
the  proposed  foundation  of  the  walls. 

Generally  speaking,  the  upper  locks  and  dams  will  be  founded  en 
hard  limestone  and  the  lower  locks  and  approach  walls  on  argillaceous 
sandstone  (varying  slightly  in  hardness),  thought  to  be  suitable  in 
every  respect  for  K)undations. 

Construction  work. 

The  work  of  construction  was  begun  at  Miraflores  the  latter  part  of 
December,  1907,  and  consisted,  primarily,  in  clearing  the  sites,  making 
detailed  topographical  surveys,  and  laying  out  and  constructing  tracks 
incident  to  the  work  of  excavating.  Iwo  steam  shovels  were  installed 
during  January,  1908,  and  additional  shovels  put  to  work  from  time 
to  time  since.  "The  average  number  of  shovels  working  since  Januarv 
is  5  plus,  and  the  total  number  working  at  pn^sent  is  5,  2  of  which 
are  on  accessory  work.  A  greater  portion  of  the  lock  site  is  low 
ground,  which  necessitates  cfenositing  the  excavated  material  in  fills 
on  both  sides,  to  be  occupied  by  the  erection  plant.  These  fills  will 
also  form  a  portion  of  the  back  filling  required. 

The  site  of  the  earthen  dam  required  on  the  west  for  j^irotection 
against  the  Cocoli  River  has  been  cleared  and  a  greater  portion  of  the 
stumps,  roots,  and  surface  soil  removed. 

Total  quantities  are  as  follows : 

Clearing acres—  166 

ExcavatloD  in  prism  of  locks cubic  yards..  297,476 

Excavation  out  of  prism,  accessory do 44,310 

Tracks  laid  and  surfaced linear  feet_-    45,900 

Trestle  built do 1, 390 

Stripping  site  of  dam cubic  yards..      3, 692 

Report,  by  months,  of  excavation  for  pear  ending  June  SO,  1008, 


Month. 


Janiuiry  . 
Febni&ry 
March  ... 

April 

a&y 

June 


1906. 


ToUil 


Average 

Quantity. 

number  of 
shove  1m  at 

work. 

Ou»yd$. 
7,203 

1.00 

88,661 

8.00 

67,963 

S.fiO 

92,261 

4.60 

71.335 

5.75 

68.691 

8.81 

846, 114 

3.61 

Avenge 

perdny 

per  shovel. 


800 
539 
746 
h20 
4% 
6y5 


774 


1^  B<H>a 

rainfall. 

Inches. 
0.21 
.55 

Ki<i  Gmnde 
rainfall. 

Inches. 
0.75 

.14 

2.00 

14.26 

11.06 

.76 
8.tJ6 
4.98 

15.16 

28.28 

Cowt  per 
cubic  yard 
of  excava- 
tion for 

each 
month. 


18.40 
.7766 
.  6096 
.5666 
.7286 
.9022 

.7576 


Number  of  working  days  In  year. .       _   160 

ATerage  per  day , 2,307 

Number  of  shovel  days 642 

Output  per  day  per  shOTel 774 

Locomotive    days 1,820 

Average  number  locomotives  per  day 12 

OT948— 08 6 
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A  photograph  showing  progress  of  the  Miraflores  locks  excavation 
is  attached.    ( Plate  40. ) 

OOOOU  DinXSIOH. 

Included  in  the  present  project  is  a  diversion  channel  aboat  a  mile 
and  a  quarter  west  of  the  lock  site,  to  provide  for  the  overflow  from 
the  Cocoli  River  and  the  lake  to  be  formed  between  Pedro  Miguel 
and  Miraflores.    The  following  work  has  been  done  during  the  year : 

Barings. . 

Six  holes,  aggregating  194  feet  in  depth,  were  driven,  174  feet 
being  spudded  and  20  feet  diamond  drilled. 

Construction  tcork. 

The  site  has  been  cleared  of  trees,  stumps,  and  underbrush,  a 
wagon  road  built  from  the  lock  site,  and  a  portion  of  the  excavation 
made  by  means  of  scrapers.    Total  quantities  are  as  follows: 

Clearing acres—  46 

Bnilding  roads linear  feet—    e^OOO 

Bzcavating  diversion cubic  yards—  19,442 

Stoxe  for  Concrete. 

About  2,000,000  cubic  yards  of  broken  stone  are  required  for  con- 
crete, and  during  the  year  careful  examinations  have  been  made  of 
Cocoli  Hill,  the  hills  north  of  Corozal  and  east  of  the  Panama  Rail- 
road, and  Sosa  Hill,  as  being  the  onlv  promising  available  sites  for 
a  quarry.  After  due  consideration  of  the  cost  of  stripping,  quarrv- 
ing,  transportation,  and  contingencies,  together  with  the  amount  and 
quality  of  the  stone,  Sosa  Hill  at  La  Boca  has  been  selected.  There 
has  b^n  no  work  at  the  ouarry  except  that  done  in  the  early  part  of 
the  year  for  the  proposed  La  Boca  locks.  This  work,  however,  wiU 
facilitate  opening  a  quarry,  as  it  is  mainly  stripping. 

Sand  for  Concrfte. 

Preliminary  and  detailed  examinations  have  been  made  at  various 
points  along  the  Pacific  coast  in  the  vicinity  of  Panama  for  sand 
suitable  for  concrete.  As  a  result,  Point  Chame  has  been  selected, 
there  being  an  abundance  of  sand  of  good  quality  located  in  a  pro- 
tected bay. 

The  work  done  so  far  has  been  clearing,  making  surveys,  sinking 
test  pits  and  borings  to  ascertain  the  amount  and  quality  of  the 
deposit,  and  collecting  samples. 

Flans  and  specifications  were  prepared  for  six  steel  barges  for 
towing  sand.  The  barges  have  been  delivered  knocked  down,  and 
are  now  being  assembled  at  the  La  Boca  shipyard.  A  tug  for  towing 
the  sand  barges  has  been  purchased  and  delivered  at  La  Boca« 

Office  Work. 

A  number  of  maps,  profiles,  and  estimates  were  made  in  determin- 
ing the  new  location  for  the  Pacific  locks  and  dams,  all  availiUt>le 
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sites  being  considered.  Numerous  studies  have  been  made  of  the 
erection  plants  for  the  Miraflores  and  Pedro  Miguel  locks,  for  which 
a  plan  has  been  adopted  and  specifications  are  in  course  of  prepara- 
tion. Plans  of  the  quarrying  and  crushing  appliances  to  be  mstalled 
at  the  La  Boca  quarry,  with  specifications,  are  practically  completed. 
Studies  of  the  methods  for  handling  and  transporting  sand  are  in 
progress.  The  usual  routine  clerical  and  ofiice  engineering  work  has 
been  performed.  The  latter  includes  the  preparation  of  plans  for 
shops,  storehouse,  and  power  house,  maps,  pronles,  sections,  etc. 

Surveys. 

«  [Mr.  W.  G.  CoMBEB«  diTtslon  engineer.] 

Prior  to  the  abandonment  of  the  La  Boca  lock  and  dam  project, 
on  December  20,  1907,  Mr.  Comber  was  division  engineer  of  the  La 
Boca  dam  construction  division,  in  addition  to  other  work.  In  this 
capacity  there  was  carried  on  under  his  direction,  by  Mr.  C.  M. 
Saville,  extensive  drill  and  test  pit  explorations  on  the  sites  of  the 
Sosa-Corozal  and  Sosa-San  Juan  dams.  Two  test  pits  were  also 
simk  on  the  site  of  the  proposed  San  Juan  spillway. 

The  drainage  ditch  was  extended  from  the  beach  between  Sosa  and 
Ancon  hills  to  the  La  Boca  branch  of  the  Panama  Railroad. 

SURVEYH. 

Surveys  w^ere  made  of  the  territory  to  he  flooded  (under  the  original 
lock  and  dam  plan),  the  lines  being  carried  up  to  the  85-foot  contour 
or  above. 

The  work  of  running  a  duplicate  line  of  precise  levels  across  the 
Isthmus  was  authorized  on  February  24.  Such  line  has  been  run 
from  the  Atlantic  end  to  near  Bohio  and  from  the  Pacific  end  to  near 
Empire. 

On  September  4, 1907,  the  preparation  of  three  general  maps  of  the 
Isthmus  (scales  1 :  12000, 1 :  40000,  and  1 :  100000)  was  authorized  and 
the  work  placed  in  charge  of  Mr.  W.  G.  Comber.  At  the  close  of  the 
year  the  1:12000  map  is  practically  completed,  the  1:40000  map  is 
90  per  cent  completed,  and  the  1 :  100000-scale  map  projected.  In 
order  to  prepare  the  1 :  100000-scale  map  along  the  lines  contem- 
plated, it  win  be  necessary  to  make  extensive  survevs  of  the  upper 
Chagres  Valley.  An  estimate  of  the  probable  cost  of  this  survey  has 
been  made  ana  submitted  to  you. 

During  the  early  part  oi  the  year  two  original  maps  of  the 
boundary-line  location  were  prepared  and  submitted  in  compliance 
with  the  requirement  of  the  treaty  with  the  Republic  of  Panama. 
Tracings  were  made  and  blueprints  furnished  to  all  concerned. 

Electtrical  Designs. 

[Edwahd  Schildhadir,  electrical  and  mecbanlcal  engineer.] 

In  addition  to  the  routine  work  the  following  studies,  plans,  draw- 
ings, and  specifications  were  made : 

Study,  design,  and  specifications  for  machine  shop  and  temporary  generating 
station  to  supply  power  to  permanent  electric  apparatus  before  the  Qatun 
handling  plant  generating  station  is  in  operation. 
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Drawings  and  specifications  for  turbo-alternators  and  connections  for  mate- 
rial-handling plant  power  station  at  Gatun. 

Studies  of  material-bundling  plant  at  Gatun  from  barges  to  locks. 

Drawings  and  specifications  for  boiler-room  equipment  of  Gatun  and  Mira- 
flores  power  stations. 

Specifications  for  motor  to  drive  bigb-pressure  turbine  pump. 

Specifications  for  boiler,  stack,  and  breechlngs  for  the  addition  to  the  Porto 
Bello  power  plant. 

Studies  for  the  Mirafiores  and  Pedro  Miguel  material-handling  plant. 

Studies  of  the  water-turbine  plants  for  Gatun  and  Mirafiores,  using  as  a 
subsidiary  steam  plant  the  apparatus  bought  for  the  respective  handling  power 
plants. 

Studies  of  controlling  operations  for  the  passage  of  ships  through  the  locks 
by  means  of  a  central  interlock  control  station. 

Specifications  for  generating  set  and  materials  and  lay  out  of  wiring  for 
stem-wheel  towboat. 

Masonry  Designs. 

[L.  D.  Cornish  and  H.  F.  Tucker,  designing  engineers.] 

Completed  the  preliminary  designs  and  made  general  plans,  sec- 
tions, and  estimates  on  different  types  of  locks  on  both  Atlantic  and 
Pacific  slopes,  as  follows : 

General  plans  for  100-foot  locks : 

1  lock  at  Pedro  Miguel. 

2  locks  at  Pedro  Miguel. 

1  lock  at  Mirafiores. 

2  locks  at  Mirafiores. 

1  lock  at  I^  Boca,  upper  location. 

1  lock  at  La  Boca,  lower  location, 

2  locks  at  La  Boca. 

3  locks  at  Mirafiores. 
3  locks  at  Gatun. 

Estimates  for  100,  110,  115,  120,  and  125  toot  locks: 

1  lock  at  Pedro  Miguel,  with  and  without  Inverts. 

2  locks  at  Pedro  Miguel,  with  and  without  inverts  In  upper  locks. 

1  lock  at  Mirafiores. 

2  locks  at  Mirafiores. 

1  lock  at  lA  Boca,  upi)er  location. 

1  lock  at  La  Boca,  lower  location. 

2  locks  at  I^  Boca. 

3  locks  at  Mirafiores. 

3  locks  at  Gatun,  with  and  without  invert  In  upper  lock. 

Also  estimates  for  two  projects  for  locks  on  the  Pacific  slope,  in- 
volving a  combination  of  one  lock  at  Pedro  Miguel  with  two  at 
Mirafiores  in  one  project,  and  three  locks  at  Mirafiores  in  the  other 
project. 

Made  plans  and  estimates  of  numerous  studies  for  Gatun  locks 
with  various  types  of  foundation  and  various  studies  of  lock-filling 
system. 

Meteorology  and  River  HYORAuiiics. 

[R.  M.  Abango,  division  en^eer.] 
RIVER    HYDRAULICS. 

Gauging  of  the  Chagres  River  has  been  continued  throughout  the 
year  at  the  following  stations:  Alhajuela,  Gamboa,  Bmiio,  and 
Gatun.     In  addition,  gauging  stations  have  been  maintained  on  the 
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Gatuncillo  and  Trinidad  rivers  just  above  the  influence  of  tide  water. 
Gaugings  at  Gatun  have  not  iJeen  a  success,  the  river  flow  at  that 
place  being  materially  affected  by  tidal  action,  and  reliance  has  been 
placed  upon  the  Bohio,  Gatuncillo,  and  Trinidad  stations  in  esti- 
mating the  total  discharge  at  Gatun. 

During  the  early  part  of  the  dry  season,  1907-8,  Alhajuela  sta- 
tion showed  a  higher  discharge  than  Bohio,  and  an  investigation  of 
the  relative  discharges  at  Alhajuela,  Gamboa,  and  Bohio  was  made. 

In  addition  to  the  above-mentioned  stations  authority  was  obtained 
for  the  establishment  of  flood-warning  station  at  Vigia. 

The  detail  of  this  hydrographic  work  is  in  the  permanent  files,  and 
available  in  connection  with  any  investigations  necessary  in  connec- 
tion with  the  water  supply  for  the  canal. 


METBOROLOOT. 


The  object  of  the  meteorological  work  is  to  collect  meteorolomcal 
data  for  the  use  of  the  engineering  and  sanitary  departments  of  the 
Isthmian  Canal  Commission.  To  supply  data  to  the  United  States 
Coast  and  Geodetic  Survey,  United  States  Weather  Bureau,  bureau 
of  ocean  meteorolo^.  International  Association  of  Climatologists 
and  Seismologists,  ranama  Railroad  and  Steamship  C/ompany,  the 
captains  of  vessels  touching  at  the  ports  of  La  Boca  and  Cristobal, 
and  likewise  to  supplv  data  for  the  correction  and  adjustment  of  the 
instruments  used  by  tne  navigating  officers  of  such  vessels. 

This  section  maintains  three  first-class  and  three  second-class  mete- 
orological stations;  also  thirteen  rainfall  stations. 

Special  fog  observations  were  begun  on  February  1  at  Cristobal, 
Gatun,  Bohio,  Bas  Obispo,  Alhajuela,  Culebra,  Pedro  Miguel,  and 
Ancon.  Record  of  these  observations  is  shown  on  the  following 
table : 

Hours  of  durdtion  of  fogs  in  canal  pW«m,  1908, 


Month. 


Fel>rnai7 
Mftxch  ... 
April 

ukr 

June 


ffammaxy 
H6ftll  .... 


Number 
otwerved. 


I)eii«e  fogs. 


Light  fogn. 


6 

2 

11 

80 

22 


71 


Total  dU' 
ration. 


26  45 

6  16 

52    5 

124  40 

58  30 


268  15 
8  47 


Number 
observed. 


14 

10 

7 

48 
57 


Total  du- 
ration. 


h.  TH. 
49  55 
39  10 
29  20 
135  45 
169  50 


186 


424  0 
3  7 


Total 
number 

Total  du- 
ration. 

Fogs  observed 
but  not  timed. 

of  lo^8 
observed. 

Dense. 

Light. 

20 
12 

18 
78 
79 

h.  m. 
76  40 
45  25 
81  2.S 
260  25 
228  20 

s' 

5 
8 
7 

5 
10 
15 
22 

18 

207 

692  l.S 
8  21 

23 

70 

It  should  be  noted  that  these  observations  are  largely  in  the  dry 
season,  during  which  season  there  are  less  fogs  than  during  the  wet 
.season. 

On  April  1  there  was  transferred  to  the  meteorological  section  all 
work  in  connection  with  tidal  measurements  at  Cristobal  and  La 
Boca.  These  measurements  were  made  in  connection  with  the  precise 
level  line  now  being  run  across  the  Isthmus. 
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Authorization  has  been  granted  for  a  building  on  the  western  slope 
of  Ancon  Hill,  to  contain,  in  addition  to  the  office  of  the  division 
engineer,  a  seismographical  station,  and  the  Ancon  meteorological 
observatory.  Two  B-0  seismographs,  recently  purchased,  will  be 
installed  in  this  building. 

The  detailed  records  of  the  meteorological  section  are  of  necessity 
voluminous  and  are  in  the  files  for  use  in  the  study  of  any  probleins 
with  which  they  are  concerned. 
Respectfully  submitted. 

'  Wm.  L.  Sibert, 

Major ^  Corps  of  Engineers^  V,  S.  Army^ 
Head  of  the  Department  of  Lock  and^  Dam  Construction, 

Lieut.  Col.  Geo.  W.  Goethals,  U.  S.  Army^ 

Chairman  and  Chief  Engineer^  Culehra^  Canal  Zone. 
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APPENDIX  C. 

SEPORT  OF  CIVIL  EITOINEER  H.  H.  SOVSSEATT,  TJ.  S.  HAVT,  MEH- 
BEB  OF  ISTHMIAN  CANAL  COMMISSION,  HEAD  OF  THE  DEFABT- 
MEHT  OF  MOTIVE  POWEB  ANB  MACHINEBY,  MUNICIPAL 
EMOINEEBINO,  AND  BUILDINO  CONSTBTJCTION. 


CuLEBRA,  Canal  Zone,  July  5, 1908, 

Sir:  I  have  the  honor  to  forward  herewith  report  of  operations 
and  expenditures  of  the  department  of  motive  power  and  machinery, 
municipal  engineering,  ana  building  construction  for  the  fiscal  year 
ended  June  30,  1908. 

On  July  1,  1907,  the  organization  of  each  division  had  been  com- 

Eleted  and  the  work  of  the  divisions  of  municipal  engineering  and 
uilding  construction  was  appreciably  diminishing. 
During  the  fiscal  year  covered  by  this  report  efforts  in  all  three 
divisions  have  been  principally  concentrated  on  reducing  the  cost  of 
work.     Systems  of  cost  keeping  have  been  perfected  in  each  division, 
and,  as  a  result,  keen  rivalry  between  the  different  subdivisions  exists 
at  the  present  time,  with  a  view  to  making  the  best  showing  in  this 
respect.     In  addition,  it  has  been  found  desirable  in  the  division  of 
building  construction  to  further  promote  this  condition  by  construct-, 
ing  certain  type  buildings  by  contract,  the  commission  furnishing  all 
material    and  the  contractor  all   labor.    Table  accompanying  this 
report  shows  that  quarters  for  bachelors  are  being  constructed  for 
less  than  8  cents  per  cubic  foot  and  the  standard  4-family  quarters 
for  less  than  12  cents  per  cubic  foot.    A  wide  or  further  extension 
of  construction  by  contract  is  not  considered  advisable  on  account  of 
the  more  satisfactory  results  obtained  at  present  from  day  labor. 

Under  circular  order,  issued  by  the  chairman  and  chief  engineer, 
dated  April  12,  1907,  the  duties  of  the  divisions  of  motive  power  and 
machinery  and  building  construction  were  fixed  as  follows : 

SUPEBINTENDENT  OF   MOTIVE  POWER  AND   MACHINERY. 

He  shaH  be  charged,  subject  to  the  approval  and  direction  of  the  chief  engi- 
neer or  supervisory  engineer,  as  provided,  with  the  proper  maintenance  and 
repair  of  all  machinery  used  or  provided  In  or  about  the  construction  of  the 
canal,  except  floating  equipment. 

He  shall  Issue  Instructions  covering  standard  designs  and  methods  for  the 
guidance  of  all  employees  In  charge  of  or  connected  with  the  machinery 
employed,  as  noted  above. 

He  shall,  from  time  to  time,  through  the  proper  officials,  give  such  Instruc- 
tions concerning  the  organization,  discipline,  size  of  force,  and  methods  of  exe- 
cution of  the  different  items  of  work  under  his  charge  as,  in  his  opinion,  may  be 
necessary  to  secure  the  efficient  and  economical  ojieratlon  of  lils  division. 

He  shall  keep  in  his  file  a  complete  physical  record  of  all  machinery  and 
equipment  bon^t  for  or  used  in  the  construction  of  the  canal,  except  floating 
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equipment,  and  shall  also  keep  copies  of  all  standard  drawings  pertaining  to  his 
division. 

He  shall  design,  or  cause  to  be  designed,  all  plans  for  improyements  or  addi- 
tions to  the  mechanical  devices  of  all  shops,  engine  houses,  and  similar  facilities. 

He  shall,  through  the  pro|)er  officials,  direct  the  operation  of  all  shops  (ex- 
cept marine  shops),  engine  houses,  and  their  accessories,  and  shall  pass  upon 
the  qualifications  of  all  stationary  engineers  and  locomotive  engineers  and 
firemen,  and  will  be  responsible  for  the  proper  care  and  condition  of  all  me- 
chanical power  and  equipment. 

He  shall,  through  his  chief  clerk,  be  responsible  for  all  clerical  work  of  his 
division  and  shall  make  such  re[)orts  covering  same  as  may  be  ordered. 

He  shall  aid  the  chief  engineer  or  any  supervisory  engineer,  as  directed,  in 
*  the  construction  and  maintenance  of  any  mechanical  appliances,  and,  through 
an  electrical  oigineer,  render,  in  a  similar  way,  aid  on  any  electrical  work. 

MASTER  BUILDER. 

He  shall  have  charge,  subject  to  the  approval  and  direction  of  the  chief  en- 
gineer or  8ui)ervi8ory  engineer,  as  provided,  of  the  construction,  whether  by 
commission  forces  or  by  oontract,  of  all  buildings  or  siiecially  designed  struc- 
tures erected  for  the  use  of  the  commission  or  of  its  employees. 

He  shall  have  charge  of  all  reconstruction  or  heavy  repairs  on  existing 
buildings  or  specially  designed  structures,  the  property  of  the  commission. 
.  He  shall  make  requisitions,  subject  to  the  approval  of  the  chief  engineer,  for 
all  materials  required  in  the  construction  of  all  buildings  or  other  structures 
which  may  be  authorized.  He  shall,  personally  and  through  the  proper  super- 
intendents, foremen,  and  inspectors,  exercise  such  supervision  over  all  work  in 
his  charge  as  may  be  necessary  to  insure  its  prompt  and  economical  completion. 

He  shall,  through  his  chief  clerk,  be  responsible  for  the  correct  execution  of 
such  clerical  work,  including  reports,  as  may  be  necessary  in  conducting  the 
business  of  this  division. 

The  division  of  municipal  engineering  was  established  on  July 
19,  1904,  in  order  to  carry  out  the  provisions  of  Article  VII  of  the 
treaty  between  the  United  States  and  the  Republic  of  Panama, 
whereby  the  United  States  is  granted  the  right  to  construct,  main- 
tain, and  operate  all  works  "  of  sanitation,  collection  and  disposition 
•of  sewage,  and  distribution  of  water  in  the  cities  of  Panama  and 
Colon  "  as  "  may  be  necessary  and  convenient  for  the  construction, 
maintenance,  operation,  sanitation,  and  protection  "  of  the  Panama 
Canal  and  the  Panama  Railroad,  cost  of  same,  with  interest,  to  be 
amortized  within  a  period  of  fiftv  years  by  water  and  sewerage  rates 
to  be  imposed  and  collected  by  the  United  States,  said  works  to  be- 
come the  property  of  the  cities  of  Panama  and  Colon  at  the  expiration 
of  that  period.  The  surveys  for  the  necessary  waterworks  and  sewer- 
age systems  and  paving  in  Panama  and  Colon  were  made  and  work 
started  in  the  latter  part  of  1904.  This  work,  as  originally  planned, 
has  practically  been  completed.  Similar  improvements  in  the  Canal 
Zone  were  the  natural  outgrowth  of  the  above,  and  have  been  com- 
pleted by  this  division,  with  the  exception  of  minor  additions  and 
extensions  which  will  be  required  with  the  progress  of  canal  con- 
struction. 

The  work  of  the  division  of  motive  power  and  machinery  wiU  de- 
pend, largely,  each  year,  upon  the  amount  of  dry  excavation,  and  will 
practically  come  to  an  end  upon  the  completion  of  same.  The  work 
now  being  performed  by  the  division  of  municipal  engineering  will 
diminish  vear  by  year.  Some  increase  in  the  capacity  of  the  reservoirs 
may  be  round  necessary  from  time  to  time;  water  and  sewer  pipes 
will  have  to  be  extended  and  renewed ;  and  roads  and  walks  will  nave 
to  be  constructed,  repaired,  and  maintained.    The  cost  of  construction 
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id  maintenance  of  roads  is  one  of  the  largest  items  of  expenditure 
this  division.    The  scour  and  irrigation  resulting  from  the  tropical 
downpours  renders  necessary,  during  the  rainy  season,  a  large  force 
t.o  keep  drainage  ditches  open  and  roads  in  a  state  of  repair.    Com- 

Burativelv  little  additional  building  construction  is  to  be  expected, 
uring  the  fiscal  year  considerable  work  in  the  building  line  has  been 
Serformed  on  account  of  the  opening  up  of  work  on  the  ChaCTes 
ivision  and  at  Porto  Bello,  ana  also  to  house  employees  engagea  on 
lock  and  dam  constniction  at  Gatun  and  Miraflores.  There  nas  been 
a  pressing  demand  for  family  quarters.  This  demand  was  liirgely  re- 
duced by  the  action  of  the  commission  at  its  one  hundred  and  thirty- 
seventh  meeting,  held  December  7,  1907,  in  accordance  with  which 
tlie  commission  will  not  construct  new  quarters  for  families  of  em- 

Sloyees  whose  appointments  date  on  and  after  January  1,  1908. 
'amily  quarters  are  available  for  about  25  per  cent  of  the  "  gold '' 
employees.  The  largest  item  of  work  in  the  future  for  the  division 
of  building  construction  will  be  maintenance  and  repairs,  especially 
painting,  as  well  as  the  renewal  of  portions  of  the  structun»  of  buil(f- 
ings  caused  by  deterioration  and  decay.  Considerable  difficultv  has 
been  experienced  in  securing  durable  screening,  but  it  is  believed  that 
this  has  been  overcome. 

The  total  number  of  employees  at  work  in  this  department  on  July 
1, 1907,  and  on  June  30, 1908,  was  as  follows : 


DivlBion. 


Motive  power  and  xoAchinery 
Mnnicipal  engineering 


Building  constniction '    1,044 


Total. 


I 


July  1,  1907. 

June  SO.  190K. 

Gold.    Silver. 

I 

1 

ToUl. 

Gold. 

Silver. 

ToUl. 

865 
160 
1,044 

1.614 
1,829 
8,083 

2,479 
1,989 
4,127 

962 
105 
326 

1,244 

910 

1,040 

2,206 
1,015 
1,366 

2,069 

6,«26 

8.596 

1,393 

3,194 

4,587 

The  total  expenditures  of  this  department  during  the  fiscal  year 
covered  by  this  report  are  shown  in  the  following  table : 


Division. 


Lalxir. 


Material. 


Motive  power  and  machinery $2,170,707.90,    $3,474,914.28 

If unidpal engineering 632.262.18  4M,8x8.34  ' 

Baildlngconfltniction 1,861.293.03  I     1,224,84-1.98  | 


Tttal 


4,r.6I.263.11  I      5, 134, 617.  (iO 


Total. 


$5,645,622.18 
1,067,150.62 
3,086,138.01 

9, 798, 910.  71 


The  total  expenditures  on  the  plant  account  for  buildings,  to  June 
30,  1908,  have  oeen  $9,824,089.15,  and  the  cost  of  municipal  improve- 
ni^nts  to  date  are  as  follows  : 

Panama  waterworks  and  sewers $853,849.23 

Colon  waterworks  and  sewers (i01,043. 91 

Zone  waterworks  and  sewers 2,358,840.44 

Paving.  Panama 480.007.77 

Paving,  Colon 293, 231. 26 

Zone  roadways 1, 174, 778. 28 

Total 5. 770, 760. 87 
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Division  or  Motivb  Power  and  Machinery. 

TTiis  division  commenced  the  year  with  fairly  complete  shop  organ- 
izations at  Gorgona,  Empire,  and  Paraiso,  each  in  charge  of  a  pias- 
ter mechanic,  and  during  the  year  improvements  in  facilities  and 
organizations  were  continued,  so  that  at  the  present  time  any  work 
which  may  develop  can  be  quickly  and  economically  handled. 

GORGONA   SHOPS. 

The  Grorgona  shops,  covering  an  area  of  21  acres  and  having  a 
trackage  of  6  miles,  have  been  equipped  with  particular  view  to  mak- 
ing ceneral  repairs  to  locomotives,  unloaders,  bank  spreaders,  and 
wooden  car  equipment,  in  addition  to  such  foundry  and  manufactur- 
ing work  as  conditions  necessitate.  With  the  completion  of  work 
authorized  and  under  construction  these  shops  will  embrace  the  fol- 
lowing : 

Locomotive  department  (floor  area,  179,993  square  feet) : 

Machine  shop,  110  by  180  feet  and  extension  30  by  90  feet. 

General  foreman's  office  and  tool  room,  32  by  70  feet. 

Erecting  shop  and  platform,  120  by  475  feet  (covering  22  pits). 

Transfer  table  pit,  50  by  475  feet. 

Boiler  shop,  90  by  288  feet  and  extension  90  by  100  feet. 

Blacksmith  shop,  60  by  180  feet. 

Power  house,  40  by  104  feet. 

Bar  iron  rack,  20  by  115  feet. 

Paint  shop,  60  by  120  feet. 

Office  building,  66  by  66  feet. 

Instrument  repair  shop,  30  by  40  feet 

Engine  house,  50  by  150  feet  (containing  2  tracks,  washout  pits  running 
full  length  of  house,  double  cinder  pits  50  feet  long,  with  necessary  water 
cranes,  coal-crane  track,  and  coal  storage  for  hostling  and  running  re- 
pairs to  engines). 

Sand  house,  10  by  40  feet. 

Engine-house  office,  15  by  15  feet. 

Lye-vat  shed  for  cleaning  engine  parts,  25  by  50  feet 

200-ton  blacksmith  coal  bin. 
CJar  and  foundry  department  (floor  area,  127,012  square  feet) : 

Gar  shop,  50  by  325  feet  (has  two  lean-tos  30  by  325  feet  and  44  by  87 
feet  Building  covers  car  shop,  machine  shop,  pattern  shop,  carpenter 
shop,  office,  and  blacksmith  shop  for  light  work). 

Planing  mill,  60  by  150  feet. 

Foundry,  70  by  161  feet  (enlarged  during  year). 

Sand  house,  25  by  50  feet. 

Ck)ke  shed,  25  by  130  feet 

Lavatory,  22  by  112  feet 

Latrine,  25  by  fi2  feet 

Pattern  storage,  40  by  60  feet 

(3ar  shed,  110  by  600  feet  (covers  48  cars  at  one  time). 

Practically  one-third  of  the  output  of  this  shop  has  been  manufac- 
tured material,  most  of  which  could  not  have  been  purchased  in  the 
United  States  wiUiout  delay  to  the  work;  the  balance  was  special  ma- 
terial which  it  was  necessary  to  construct  to  order.  The  general 
manufacturing  work  is  diverse  and  complicated,  consisting  of  a  large 
amount  of  emergency  work  and  a  large  variety  of  jobs,  so  that  there 
are  all  the  conditions  of  the  job  shop  together  with  the  ordinary  fac- 
tory process.  In  the  foundry,  during  this  year,  4,279,237  pounds  of 
gray  iron  castings  were  made,  inclucung  50,000  pounds  of  semi-steel 
casting  and  216,947  pounds  of  brass  and  bronze  castings.  System- 
atic effort  toward  the  reduction  in  cost  of  castings  has  resulted  in 
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producing  gr&y  iron  castings  at  an  average  cost  of  $0.0359  per  pound, 
as  ajgainst  $0.0391  per  pound,  the  cost  last  year.  The  cost  of  brass 
castings  is  $0.1951.  One  thousand  four  hundred  and  sixtv-two  pat- 
terns tor  castings  were  made  during  the  year,  cost  of  which  is  in- 
cluded in  the  cost  of  castings. 

Included  in  the  operation  of  the  Oorgona  shops,  at  Tabernilla 
there  is  an  engine  house  100  by  34  feet  and  office  10  leet  4  inches  by 
15  feet  4  inches,  for  the  handling  of  small  repairs  to  equipment  which 
ties  up  at  that  point  over  night  in  connection  with  the  operation  of 
the  Tabernilla  aumps. 

The  new  l,200-hor8epower  boiler  plant,  at  the  Gorgona  shops,  has 
been  completed,  and  is  equipped  to  burn  fuel  oil. 

EM  PI  UK  SHOPS. 

The  Empire  shops,  located  about  midway  in  the  Culebra  division, 
have  been  specially  designed  and  fitted  up  for  doing  general  repairs 
to  steam  shovels,  steel  car  equipment,  rock  drills,  ana  similar  exca- 
vating machinery.  With  the  completion  of  extensions  and  new  work 
authorized  and  in  course  of  construction,  the  Empire  shops  will  con- 
sist of  the  following : 

I>xK)motive  department  (floor  area.  136,354  square  feet)  : 

Machine  shop,  80  by  224  feet. 

Boiler  shop,  150  by  224  feet. 

Blacksmith   shop,  80  by  224   feet. 

Erecting  shop,  80  by  362.5  feet  (covering  14  pits). 

Paint  shop,  20  by  30  feet 

OU  house,  16  by  16  feet. 

Sand  house,  10  by  20  feet 

Cleaning  shed,  16  by  32  feet 

S.  S.  shipper  shaft  shop,  14  by  32  feet. 

Air  compressor  plant  31  feet  4  inches  by  90  feet  8  inches. 

Foreman's  office,  12  by  12  feet 

Power  plant  42  by  141  feet. 

Electric  plant,  36  by  86  feet  2  inches. 

Boiler  house,  31  feet  4  inches  by  72  feet. 

Transfer  table  pit  GO  by  362  feet. 
Car  department  (floor  area.  61,875  square  feet) : 

ClJar  shop,  100  by  405  feet  (5  tracks). 

Planing  mill,  75  by  225  feet 

Office,  30  by  50  feet 

Lavatory,  32  by  60  feet 

Latrine,  20  by  70  feet 

Practically  the  entire  shop  plant  at  Empire  was  finished  and 
equipped  during  the  fiscal  year  covered  by  this  report.  The  erection 
or  new  building  and  the  installation  of  new  and  transfer  of  old 
machinery  considerably  handicapped  the  shop  opeitition.  The  new 
facilities  have  been  arranged  to  secure  the  quickest,  best,  and  most 
economical  handling  of  work  and  material. 

The  operation  and  maintenance  of  the  air-compressor  plants  lo- 
cated at  Empire,  Las  Cascadas,  and  Rio  Grande  falls  under  the 
Empire  shop  management.  During  the  year  these  plants  compressed, 
on  an  average,  275,000,000  cubic  feet  of  air  per  month ;  cost-  of  same, 
per  thousand  cubic  feet,  ranging  from  $0,053  in  December,  1907,  to 
$0.0344  in  June,  1908. 
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Tbe  following^  are  also  incloded  in  the  operation  of  the  Empire 
shefps^  and  comprise  a  floor  area  of  02,560  square  feet : 

£fit;h»e  botuev  54  fc^  1^J>  feet  (the  oomplecfon  off  this  eiu:iiie  boose  iiui«le 
pfumsihl^  the  Aheandfmtaent  of  the  Coearacfaa  engine  boose,  an  old  Freoeti 
ttnaetnrt,  whicb  was  aanatUEfaetoiy). 

Otfce  atwl  fltr/rerrwyai,  11  feet  6  iocbes  bj  15  feet  6  Indies;. 

Oil  hfms»^  IIS  bj  16  fef^ 

SlEiod  bo«Me,  10  by  20  feet. 

Latrfmev  12  bj  2r>  feet. 

Alr-ermiimaatf^fT  \tlainU  44  bjr  79  feet. 

Office;  14  hj  19  feet. 

Ift<wev  10  br  21  feet. 

fifAUit  hfmm:  if>l(\},  Zl  bj  T9  feet. 

fMUfT  bofMie  ^Dewi,  41  bj  80  feet. 
I^rfo:  CntflrSn^  b«>fxife,  26  bjr  121  feet. 
1a«  f!aJKadaff: 

Ent^ne  b<>ase,  90  hy  300  feet. 

my>Tf,  ?/f  by  W  feet. 

Hrore,  33  feet  6  Inches  l>>-  40  fe«^. 

Air-f-riropTeiMior  plane  35  fe^-t  0  la<*be«  t»y  SO  fw^t. 

Boiler  houif^,  4#;  by  4^  feet. 

Ollkre;  12  by  Ui  fwt. 

r;ar  «b^K  2ri  by  m  feet 

f**l  cbote  Itweoty  firx-ketM). 

PAB.\ISO    SHOP. 

The  Paraiso  shop  is  locatecl  on  the  east  side  of  the  south  end  of 
the  ^'Culebra  cut,''  and  handles  light  repairs  to  all  clasjies  of  equip- 
ment on  that  side  and  end  of  the  •'  cut/'  as  well  as  at  the  Pacific  eml 
of  the  canaK  the  heavy  repair  work  bein«r  done  at  the  Gorgona  and 
Empire  shops.  The  work  of  this  shop  includes  locomotive  and  car 
worK  at  Pedro  Miguel  and  the  operation  of  the  Pedro  Miguel  coal 
chute. 

During  the  year  the  erection  of  an  entirely  new  set  of  shop  build- 
ings was  completed  at  Paraiso,  and  all  the  machinery  from  the  old 
shops,  as  well  as  a  lar^e  amount  of  new  machinery,  has  been  installed, 
and  the  shops  equipped  with  water  and  steam  and  air  lines.  It  con- 
sists of  the  following: 

raraljv>  (flfior  an»a.  41,^^*0  wjimro  f«»t»t  i.: 

Machine  whop,  ili^}  by  100  ffc-t. 

BlackKriiith  and  boiler  Kliop,  sr»  by  iCiO  feet 

Office,  2f9  by  TiO  feet. 

ErcfCtinK  Hhop.  73  by  l.V»  feet. 

latrine  and  lavatory,  32  by  OK)  feet. 

Iron  rack,  20  by  f)i}  fe<«t. 

rariM?ntor  shop,  32  l>y  (50  feet. 

Ilo(ie  walk,  15  by  00  foet. 
Pedro  Mij^el  (floor  area,  41,3S2  square  feet)  : 

Knfcine  hoiiHC,  72  by  348  feet. 

Car-repair  Hhe<l,  20  by  78  feet 

Machine  shop,  20  by  CO  feet 

Oil  house,  10  by  10  feet 

Coal  chute,  30  by  125  feet  (20  pockets). 

Car-repair  shed  (new),  32  feet  5  Inches  by  260  feet 


BEPOBT  ISTHMIAN   CANAL  COMMISSION — APPENDIX  C.  77 


FOBCE  EMPLOYED. 


On  June  30,  1908,  the  organization  of  the  division  of  motive  power 
and  machinery  consisted  or  2,20G  employees,  divided  as  follows: 

Superintendent  of  motive  ijower  and  macliiiiery  (IncliidluK  clerical  forces 

of  all  shops) 143 

Gorgona  shops -    8S2 

Kmpire  shops SI  I 

Paraiso  shop 2l»5 

Electrical  subdivision 105 

Total  force,  June  30.  1JK)S —  2,206 

During  the  year  609  artisans  and  clerks  were  sent  down  from  the 
United  States  for  this  division,  of  which  number  333,  or  55  per  cent, 
are  still  in  the  employ  of  the  commission,  as  against  36  per  cent 
retained  from  the  number  sent  down  the  previous  year.  This  shows 
the  greater  stability  of  force  as  at  present  constituted,  owing  both 
to  the  higher  class  of  personnel  and  improved  conditions  of  work  on 
the  Isthmus. 

In  the  past,  the  general  efficiency  of  skilled  labor  on  the  Isthmus 
has  not  compared  favorably  with  the  same  class  in  the  United  States. 
Though  there  are  many  first-class  mechanics  and  skilled  specialists 
in  the  service,  the  effect  of  the  continued  hot  weather,  which  is  very 
enervating,  reduces  their  energy  and  activity  to  a  considerable  degree 
after  a  few  months.  It  is  believed  that  the  general  efficiency  of 
skilled  labor  on  the  Isthmus  is  from  15  per  cent  to  25  per  cent  less 
than  it  is  in  the  United  States,  due  to  climate  and  other  unavoidable 
causes.  This  percentage  of  lessened  efficiency  is  even  greater  in  the 
case  of  helpers  and  laborers  employed  by  the  commission,  most  of 
whom  are  drawn  from  the  northern  parts  of  Spain  and  from  the 
West  Indies.  Their  physical  and  mental  makeup  is  not  comparable 
with  that  of  men  employed  to  do  the  same  class  of  work  in  the  United 
States.    In  addition  to  which  they  are  slow,  lazy,  and  indifferent. 

It  has  been  demonstrated  in  a  number  of  instances,  to  the  satisfac- 
tion of  those  in  charge  of  the  shops,  that  for  work  requiring  a  fair 
amount  of  mechanical  skill,  the  average  "  gold  "  mechanic  at  65  cents 
and  up  per  hour,  is  a  cheaper  and  more  satisfactory  man  than  "  silver  " 
employees,  whose  rates  of  pay  run  from  32  cents  to  $1  silver  per  hour, 
and  average,  perhaps,  one-half  or  less  that  of  the  "  gold  "  mechanics. 
It  is  only  on  the  rougher  and  simpler  classes  of  work  that  "  silver  " 
labor  can  be  employed  to  advantage.  On  car-repair  work  it  has 
been  found  impossible  to  handle  heavy  repairs  on  40-ton  wooden  flat 
cars  with  "  silver  "  labor.  After  filling  the  shop  with  "  bad-order  " 
cars  it  would  take  several  days  for  "  silver  "  mechanics  to  make  the 
necessary  repairs,  whereas  since  "gold  "  mechanics  have  been  detailed 
on  this  wort,  with  "  silver  "  employees  as  laborers  and  helpers  only, 
it  has  been  found  possible  to  repair  cars  to  the  full  capacity  of  the 
car  shop  tracks  on  an  average  of  three  times  in  two  days.  On  the 
other  hand,  the  white  helper,  at  38  or  44  cents  an  hour,  on  certain 
classes  of  strictly  helper's  work,  particularly  in  the  machine  and 
boiler  shops,  has  proved  a  distinct  failure,  as  the  average  "  gold  " 
mechanic  nelper,  after  a  very  short  period,  becomes  dissatisfied  and 
indifferent  and  practically  demands  a  mechanic's  rating,  and  if  same 
is  not  granted  takes  his  discharge.  In  other  words  he  seems  to  con- 
sider that  he  is  above  doing  work  which,  in  the  United  States,  is 
classed  as  legitimate  helper's  work  and  seems  to  feel  that  same  should 
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The  cost  of  repairs  made  by  the  mechanical  division  during  the  year 
on  the  different  units  of  equipment  enumerated  in  the  above  table, 
including  all  direct  labor  and  material  charges,  was  as  follows: 


Unit. 


Ixjcomotlyea 

Fvei^bt  cam 

Work  can 

Steam  ahoveU  (shop  repaira  only) 


Number 

in 
aenrlce. 


Number 

of 
repairs. 


800 

4,075 

90 

101 


22.109 

91,632 

862 

55 


Cost  per 
unit  per 
annum. 


11,005.95 

113  49 

874.17 

1,440.39 


CoHtper 

unit  per 

repair. 


$13.66 

5.09 

ftl.07 

2,61.^06 


Excavation  by  Bteam  sboTels  during  the  year  wan  17.467,161  cubic  yards.     Cost  of  shop 
repairs  to  steam  shovels  per  cable  yard  was  |0.008:{. 

• 

In  addition  to  the  above  work  10.3  miles  of  pole  line  were  con- 
structed during  the  year,  for  use  in  conjunction  with  electric-lighting 
plants,  making  a  total  pole  line  mileage  at  the  close  of  the  year  of  25 
miles* 

During  the  year  67  tests  were  made  by  the  testing  engineer  i)f  this 
division.  His  work  included  also  the  installation  of  oil-burning 
apparatus  at  various  points.  At  the  end  of  the  year  3  stationary 
power  and  pumping  plants  in  this  division  had  oeen  equipped  for 
the  use  of  fuel  oil. 

Three  thousand  five  hundred  and  eighty  boiler  inspections  and  tests 
were  made  during  the  year  by  the  boiier-insijection  service,  under  the 
division  of  motive  power  and  machinery. 

fftatement  of  cxpenditure/t  made  hy  the  mechatiirat  divigion  for  the  pear. 


Maintenance  and  repairs 

New  eauipment 

Other  departments 

Total 


Labor. 


11,308,151.82 
237.388.77 
630,167.81 


Material. 


9648.466.97 

2,353.148.17 

473.299.14 


2,170,707.90        3,474,914.28 


Total. 


11,951,618.79 
2,590,536.94 
1,108,466.46 


5.645,622.18 


The  work  of  this  division  has  been  handicapped  somewhat  by  the 
peculiar  conditions  under  which  work  is  performed.  Many  features 
on  the  Isthmus,  such  as  weather  conditions,  lower  efficiency  of  labor, 
and  the  fluctuation  in  volume  of  work  contribute  to  increased  cost. 
During  the  rainy  season,  frequent  showers  interfere  with  the  return 
of  men  to  work  m  the  afternoon  and  delay  the  handling  of  material 
between  shops  as  well  as  the  work  of  outside  crews.  Continued  mois- 
ture in  the  air  also  makes  necessary  special  care  of  tools  and  machin- 
ery. Absence  from  duty  on  account  of  vacation,  sickness,  injury,  fire 
drill,  band  practice,  and  court  attendance,  etc.,  interferes  with  regu- 
larity in  attendance  of  employees.  These  things,  combined  with  the 
necessity  of  performing  large  emergency  work  promptly,  entail  the 
carrying  of  a  larger  force  than  would  ordinarily  oe  required  were  the 
work  close  to  a  market  where  repair  parts  and  other  necessities  could 
be  secured  on  short  notice.  Notwithstanding,  it  is  believed  that  the 
cost  of  work  compares  very  favorably  with  the  cost  of  similar  prod- 
ucts purchased  in  the  States  and  brought  to  the  Isthmus.  During 
the  year  6,204  manufacturing  orders  were  completed  at  an  average 
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cost  of  $65.72  eadi.    Statement  of  work  oovered  by  these  mana- 
orders  is  omitted  because  of  its  length. 


At  the  begimiiii^  of  the  fiscal  year,  electric  li^t  was  being  fmr- 
nished  to  commission  settlements  at  Culebra,  Empire,  and  Gorgona 
from  plants  located  at  Empire  and  Gorgona,  the  former  baring  a 
capacity  of  4,000  16-candlepower  lights  and  the  laner  2jOOO  16-cudle^ 
power  fights.  The  lesser  cost  and  conTenience  of  electricity  for  light- 
ing purposes,  as  compared  with  the  use  of  oil  in  lamps,  as'weU  as  the 
additional  fire  protection  which  it  affords,  led  the  commission  to 
extend  this  service  to  all  commission  settlements,  except  those  between 
Gatun  and  Gorgona,  which  territory  will  be  flooded  upon  the  complex 
tion  of  the  Gatun  dam.  This  will  be  accompli^ed  upon  the  complex 
tion  of  work  authorized  and  now  under  way.  During  the  y^ear,  the 
Empire  power  plant  was  increased  from  200  to  400  kilowatt  and 
arrangements  made  for  the  installation  of  an  additional  400-kilowatt 
unit  at  this  point. 

On  June  30,  1908,  1T,1S6  16-candlepower  lights  had  been  installed 
and  were  in  use  in  commispion  buildings.  13^5  of  which  were  pUced 
during  the  year.  In  addition  T87  lights  had  been  installed  at  Gatmu 
thou^  not  yet  operated. 

There  have  ako  been  installed  during  the  year  by  this  subdivision 
three  automatic  fire-abirm  telegraph  systems  at  Ancon,  Culebra, 
Empire,  and  Gorgona. 

Tne  work  of  this  subilivision  has  also  included  the  installation 
of  electric  motors  and  electrically  driven  cranes  in  the  Empire  shops, 
tests  of  mining  caps  and  batteries,  estimates  for  different  kinds  of 
electrically  operated  machinery,  installation  of  lighting  sets  on 
dredges  and  other  floating  equipment,  and  other  miscellaneous  work 
of  a  similar  nature. 

DmSIOX  OF  MUXICTP.VL  ExoixnERiNG. 

The  work  performe<l  by  this  division  during  the  fiscal  vear  may 
be  divided  into  two  classes :  First,  work  done  in  the  cities  of  Panama 
and  Colon  to  improve  sanitary  con<litions,  cost  of  which  is  repaid  to 
the  United  States  through  the  collection  of  water  taxes  in  those 
cities,  in  accordanre  with  Article  VII  of  the  treaty  between  the  United 
States  and  the  Republic  of  Panama :  and,  second,  work  done  in  the 
Canal  iZone  and  paid  for  from  appropriations  for  the  commission, 
or  from  revenues  of  the  Canal  Zone  government.  Included  in  the 
former  u^  the  laying  of  pavements  and  the  construction  of  waterworks 
and  >ewerage  systems,  and,  in  the  latter,  paving,  road  making,  grad- 
ing, construction  of  waterworks  and  sewerage  systems,  and  miscel* 
laneous  work  of  the  same  character. 

Work  in  Panama  and  Colon  during  the  vear  has  not  been  very 
extensive  and  has  consisted  merely  or  sniali  additions  necessary  to 
complete  improvements  previously  authorized.  Following  is  a  state- 
ment of  such  work  done  during  the  year  and  the  total  amount  of  same 
to  the  end  of  the  fiscal  year. 


^ 
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Panama. 


Colon. 


Waterworks: 

4-inch  pipe feet. 

Leas  than  4-ineh  pipt' do. . . 

6-inch  pipe do . . . 

8-inch  pipe do... 

10-inch  pipe do... 

12-inch  pipe do . . . 

16-inch  pipe do. . . 

20-inch  pipe do. . . 


Placed 

during 

year. 


323 


Total 

June  30, 

1906. 


9.127 


Placed 

during 

year. 


Total 

June  30, 

1908. 


51)0 


Total do... 


Houie  connections 

Water  metem  tested  and  set 

Hydrants 

Water  cranes 

Hoee  yalyes 

Ventnri  meters 


878 


40,552 
6,608 
1,444 
1.448 
1,236 
60 


6,564 
4,882 
1,066 


6,924 

17,674 

17,966 

6,986 

4,309 

742 


16,827 


42 




60.469 

11,802 

*69.280 

2.098 

1,090 

188 

7 

35 

264 

"5 

1.147 

181 

75 

2 

27 

1 



1 

< 

Sowers: 

6-inch  pipe feet, 

fr-inchpipe do.. 

10-lnch  pipe do. . . 

12-lnchplpe do... 

16-inch  pipe do. . . 

18-inch  pipe do... 

20-lnchpipe do... 

86-inch  pipe do. . . 

Various  Biases do... 


Total do 

Manholes 

Catch-basins 

House  connections 

Paving: 

Concrete  curb linear  feet.. 

Brick  pavement aq uare  ya rds . . 

Concrete  pavement do 

Macadam  pavement do 

Basket  gutter linear  feet.. 


2,200 
36,004 


16,263 
6,490 
5,166 


1,119 
1,684 


4,102 
140 
207 
816 
206 
12 
60 


20,183 
8.134 
2,884 
'2,966 
8,006 
12 
76 


1.286 


1,288 


826 


67,925 

261 

227 

1,019 

61.401 

66,365 

19,116 

3,672 


6,042 
8 
4 


5,746 


23.018 
270 


87,896 

77 

77 

264 

41.267 
6,410 


62,621 
1,923 


The  sump,  in  Colon,  into  which  all  sewage  flows,  was  completed 
in  certain  minor  details  during  the  year,  though  finished  sufficiently 
to  be  operated  during  the  previous  year.  Considerable  work  was 
done  during  the  year  in  the  D  street  canal,  which  runs  the  entire 
len^h  of  D  street,  Colon,  and  carries  a  large  portion  of  the  surface 
draina^  of  this  city  to  the  sea.  One  entrance  to  the  canal  is  at  Folks 
River  and  the  other  on  the  bay,  below  Colon  Hospital,  and  the  out- 
flow of  sewage  is  regulated  bv  tidal  gates  located  at  both  ends  of  the 
canal.  During  the  year  the  depth  01  the  canal  was  carried  to  about  2 
feet  below  low  tide,  the  canal  cleaned  its  entire  length,  and  sheet- 
piled  between  Fourth  and  Ninth  streets. 

The  maintenance  of  sewers,  waterworks,  and  pavements  was  trans- 
ferred from  this  division  to  the  superintendent  of  public  works,  de- 
partment of  civil  administration,  on  September  1,  1907,  in  Panama, 
and  on  November  1,  1907,  in  Colon. 

Four  fires  during  the  year,  two  in  Panama  and  two  in  Colon,  dem- 
onstrated the  efficiency  of  the  water  service,  the  damage  in  all  cases 
bein^  confined  to  the  immediate  neighborhood  of  the  buildings  burned. 

IM^nicipal  improvements  in  Panama  and  Colon,  to  June  80,  1908, 
cost  $1,912,662.44,  of  which  amount  $1,018,387.27  were  spent  in 
Panama  and  $894,275.17  in  Colon.  Accessory  to.  but  not  a  part  of, 
the  above  improvements  are  the  Bio  Grande  and  Ancou  reservoir  an4 

57! 
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ipe  line,  which  cost,  to  December  31, 1907,  $324,469.73.  These  works, 
eing  entirely  within  the  Canal  Zone,  are  to  remain  the  exclusive 
property  of  the  United  States,  and  charge  against  the  Panamanian 
Government  for  proper  proportion  of  the  cost  of  same  will  be  made 
in  the  nature  of  a  price  per  1,000  gallons  for  water  supplied  the  city 
of  Panama.  It  is  mtended  that  the  Brazos  Brook  reservoir  and  pipe 
line,  cost  of  which  is  included  in  the  cost  of  Colon  improvements 

f;iven  above,  shall  be  handled  in  a  similar  manner,  and  rental  charged 
or  all  water  supplied  to  the  city  of  Colon. 

A  committee  composed  of  represoitatives  of  the  commission  and 
Panama  Railroad  made  an  examination  of  the  existing  conditions 
and  necessities,  in  Panama  and  Colon,  in  the  way  of  further  municipal 
improvements,  consisting  of  the  establishment  of  street-grade  lines, 
and  the  extension  of  pavements,  waterworks,  and  sewers  in  certain 
of  the  outlying  sections  which  have  sprung  up  since  American  occu- 
pation, the  improvement  of  which  was  not  contemplated  in  the  ori^- 
nal  plans  for  this  work  in  the  two  cities.  In  Colon,  this  district 
comprises  a  large  area  east  of  D  street,  some  of  which  is  at  present 
occupied  by  shacks  and  tenements,  and  is  most  unsatisfactory  and 
insanitary.  In  Panama,  similar  conditions  exist  in  the  Guachapali, 
Santa  Cruz,  and  Cocoa  Grove  districts.  The  total  estimated  expendi- 
tures which  will  be  required  to  place  these  districts  in  the  same  sani- 
tary condition  as  other  portions  of  Panama  and  Colon,  which  have 
already  been  thus  improved,  would  approximate  $1,000,000.    The  ^ 

insanitary  conditions  which  exist  at  the  present  time  are  fully  appre-  ^ 

ciated,  but  unless  there  be  introduced  on  the  Isthmus  some  such  dis- 
ease as  yellow  fever  or  the  plague,  these  conditions  can  not  be  said  to 
be  dangerous  to  the  work  of  constructing  the  canal,  and  the  expense 
is  one  which  should  be  borne  directly  by  the  government  of  Panama. 
Under  these  conditions  and  in  the  absence  of  any  specific  appropria- 
tion by  Confess  sanctioning  this  work,  it  has  bc^n  decided  to  do 
nothing  in  this  connection,  at  least  for  the  present. 


CANAL  ZONE. 


Work  of  the  second  class  performed  bv  this  division  in  the  Canal 
Zone  will  be  treated  under  the  following  headings :  Waterworks,  sew- 
ers, roads,  and  miscellaneous  work.  During  the  past  year  about  48 
miles  of  water  pipe  and  14  miles  of  sewer  pipe  have  been  laid,  making 
the  totals  to  date  approximately  88  miles  and  41  miles,  respectively. 
Twenty-two  miles  ox  macadam  roads  were  constructed,  making  the 
total  to  date  82.5  miles. 


WATEBWOBKS. 


Four  reservoirs  and  two  pumping  stations  furnish  water  to  the 
various  settlements  along  the  line  oi  work,  as  well  as  the  cities  of 
Panama  and  Colon.  The  reservoirs  are  located  at  Rio  Grande, 
Camacho,  Gorgona,  and  Brazos  Brook;  the  pumping  stations  at 
Tabemilla  and  Gatun.  In  addition  to  the  above,  there  are  12  pump- 
ing stations  on  the  Zone,  which  are  used  in  conjunction  with  the 
water  service,  9  of  which  are  continually  in  service  and  S  held 
in  reserve  for  emergency  use. 
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Rio  Grande  Reservoir, — During  the  year  the  elevation  of  the  Rio 
Grande  dam  and  spillway  was  raised  and  the  storage  capacity  of  the 
reservoir  increased  by  134,870,000  gallons.  This  raservoir  now  has  a 
capacity  of  496,670,000  gallons,  at  elevation  238 ;  a  drainage  area  of 
2,015  acres,  and  a  lake  area  of  about  65  acres  at  the  height  oi  the  spill- 
way. This  reservoir  supplies  all  points  south  of  Culebra,  including 
Panama,  Ancon,  and  La  Boca,  being  connected  with  same  by  a  16-inch 
cast-iron  main.  The  total  consumption  from  this  reservoir  during 
the  year  amounted  to  942,200,000  gallons,  or  an  average  daily  con- 
sumption of  2,574,000.  Of  the  above  consimiption,  the  city  of 
Panama  used  about  three-tenths,  or  290,500,000  gallons,  which,  with 
a  population  of  36,388,  made  the  daily  consumption  per  capita  21.87 
gallons.  At  its  lowest  elevation,  224,  which  was  reached  on  May  1, 
1908,  the  Rio  Grande  Reservoir  had  in  store  228,423,000  gallons,  as 
against  114,190,000  gallons,  the  contents  of  the  reservoir  at  its  lowest 
elevation  in  1907,  before  the  dam  and  spillway  had  been  raised.  All 
water  used  in  Panama  and  Ancon  is  filtered  liefore  being  passed  into 
the  mains  by  a  filtration  plant  at  Ancon,  erected  and  put  into  opera- 
tion during  the  year.  This  filtration  plant  is  of  the  pi-CvSsure  tj^pe  and 
has  a  capacity  of  1,500,000  gallons  daily. 

During  the  year  a  survey  was  made  of  the  valley  drained  by  the 
Pedro  Miguel  River  to  ascertain  the  available  supply  which  would 
be  at  hand  and  necessary  during  the  construction  of  the  masonry 
work  on  the  locks  at  Pedro  Miguel  and  Miraflores.  The  lowest  weir 
measurement  during  the  dry  season  showed  a  flow  of  674,000  gallons 
per  day,  which,  impounded  by  a  small  storage  reservoir  and  the  in- 
stallation of  pumping  apparatus,  will  be  ample  to  take  care  of  all 
needs. 

Brazos  Brook  Reservoir. — This  reservoir  supplies  the  countrv  from 
Mount  Hope  to  and  including  Colon  and  Cristobal,  It  is  located 
about  a  mile  and  a  half  back  of  Mount  Hope,  on  Brazos  Brook.  It 
has  a  drainage  area  of  640  acres  and  a  lake  area  at  spillway  height 
of  120  acres.  At  its  highest  elevation,  48.5,  it  has  a  capacity  of  nearly 
641,000,000  gallons.  The  consumption  from  this  reservoir  during  the 
year  was  457,544,000  gallons.  During  the  year  the  necessity  for  an 
increased  water  supply  at  this  point  became  apparent  and  the  eleva- 
tion of  the  dam  and  spillwaj^  was  raised,  the  tormer  from  50  to  53 
and  the  latter  from  45.1  to  48.5.  This  work  involved  the  handling  of 
14,315  cubic  yards  of  material  and  was  performed  at  a  cost  of  30  cents 
per  cubic  yard.  The  capacity  of  the  reservoir  was  increased  by 
215,460,734  gallons.  It  is  believed  that  with  this  increased  capacity 
there  will  be  sufficient  water  supply  to  take  care  of  demands  of  this 
vicinity  for  the  near  future.  It  will  also  render  unnecessary  the 
operation  of  a  small  pumping  station  at  Mindi,  which  has  been  used 
in  the  past  in  connection  with  this  water  supply  in  emergencies,  when 
the  supply  was  in  danger  of  being  exhausted. 

In  connection  with  the  Brazos  Brook  Reservoir  there  was  installed 
during  the  year  a  1,500,000-gallon  pressure  filtration  plant,  at  a  cost 
of  $15,000,  similar  to  the  plant  installed  at  Ancon.  The  results  ob- 
tained from  the  operation  of  this  filtration  plant  were  not  satisfactory 
on  account  of  the  large  amoimt  of  vegetaole  matter  carried  in  sus- 
pension, and  it  was  decided  to  build  and  operate  in  conjunction  with 
it.  a  sedimentation  basin  with  a  capacity  of  300,000  gallons.  This 
basin  is  nearly  completed  and  will  soon  be  placed  in  operation.    The 
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installation  of  two  alum  tanks  and  the  placing  of  gates  in  the  basin 
yet  remains  to  be  done.  The  basin  consists  oi  a  reenforced  concrete 
reservoir,  built  as  a  polygon  with  20  sides,  with  a  radius  of  about  51 
feet  and  'a  depth  of  8^  feet.  It  is  divided  by  a  partition  wall  in  the 
middle  and  each  side  is  subdivided  into  four  separate  basins.  Water 
will  enter  into  a  gate  chamber,  where  alum  coagulant  will  be  mixed 
with  it;  thence  it  will  traverse,  in  diagonal  courses,  through  the  8 
basins,  having  an  up-and-down  motion  from  weir  to  weir;  from  the 
basins  to  the  pumps  and  through  the  filtration  plant  proper,  from 
which  it  will  go  to  the  standpipe.  At  the  present  rate  of  consump- 
tion, the  water  will  take  about  four  hours  to  travel  from  the  intake 
to  the  pumps,  which,  it  is  believed,  will  satisfactorily  clear  the  water 
prior  to  its  entering  the  filtration  plant. 

Camacho  Reservoir. — The  construction  of  this  reservoir  was  com- 
pleted during  the  early  part  of  the  year.  It  is  located  at  Camacho, 
back  of  Empire,  and  supplies  the  territory  between  Culebra  and  Bas 
Obispo,  inclusive.  It  has  a  drainage  area  of  592  acres  and  a  lake 
area  of  38  acres  at  the  height  of  the  spillway.  The  capacity  of  the 
reservoir  is  295,867,000  gallons.  The  annual  consumption  from  this 
reservoir  is  131,765,000  gallons,  or  a  daily  average  consumption  of 
361,000  gallons.  At  the  lowest  elevation  reached  during  the  year 
there  remained  stored  in  the  reservoir  sufficient  water  for  seventy- 
five  days'  use,  at  the  present  daily  rate  of  consumption.  ,  , 

Cardbali  Reservoir, — ^This  reservoir  is  located  near  Gorgona  and  ^  , 

furnishes  water  for  the  territory  between  Matachin  and  Mamei, 
though  at  the  close  of  the  dry  season  this  supply  is  augmented  by  a 
pumping  station  near  the  Gorgo«a  shops,  which  suppRes  water  for 
locomotives  from  the  Chagres  River.  The  Carabali  Reservoir  has  a 
capacity  of  80,000,000  gallons,  a  drainage  area  of  1,552  acres,  and  a 
lake  area  at  the  height  of  the  spillway  of  20.5  acres.  There  is  con- 
siderable inflow  to  this  reservoir  during  the  greater  part  of  the  year 
which,  in  past  years,  has  been  practically  equal  to  the  consumption ; 
during  the  fiscal  year  covered  by  this  report,  however,  the  consump- 
tion lips  increased  to  such  an  extent  as  has  made  necessary  considera- 
tion of  means  for  securing  additional  water  storage.  Surveys  were 
made  and  it  was  found  practicable  to  locate  a  supplemental  reservoir 
a  short  distance  above  the  present  reservoir.  If  its  construction  is 
decided  upon,  it  will  be  at  elevation  110,  have  a  capacity  of 
153,000,000  gallons,  and  cost  appmximately  $36,000.  This  work  had 
not  been  authorized  at  the  close  of  the  year. 

Tabo^iiUa  'pumping  statian. — This  pumping  station  supplies  water 
to  the  territorv  from  San  Pablo  to  Frijoles.  It  is  located  about  1 
mile  back  of  'f abernilla,  on  the  Frijoles  River,  from  which  water  is 
pumped,  and  was  placed  in  service  during  the  past  year.  The  station 
is  equipped  with  three  12  by  8A  by  10  inch  pumps  and  one  7  by  4^  by 
9  inch  pump,  two  of  which  are  in  operation  all  the  time  and  two  held 
in  reserve.  There  is  also  in  operation  at  this  station  a  condensing 
plant,  which  furnishes  distilled  water  to  Tabernilla.  During  the 
year  this  plant  has  furnished  an  average  of  1,000  gallons  of  distilled 
water  per  day  for  hotel  and  family  use,  pumped  against  a  head  of 
70  pounds,  and  500,000  gallons  of  water  daily,  pumped  against  a  head 
of  120  pounds. 

Gatun  pumping  station. — ^This  station  is  located  about  a  mile  above 
Gatim,  on  the  GatunciUo  River,  and  furnishes  the  water  supply  for        • 


BEPORT  ISTHMIAN   CANAL  COMMISSION — APPENDIX   C.  85 

Gatun  and  vicinity.  There  are  3  pumps  at  this  station,  2  of  which 
are  in  constant  use,  the  third  being  held  in  reserve.  The  distilling 
plant,  located  at  Gatun  during  the  early  part  of  the  year,  was  moved 
to  the  pumping  station  on  the  Gatuncillo  River  in  the  latter  part  ot 
the  fiscal  year,  for  economic  reasons.  This  distilling  plant  condenses 
about  1,200  gallons  of  water  daily. 

Because  of  the  closing  of  the  canal  at  Gatun,  an  emergency  station 
was  located  on  a  hill  about  20  feet  above  the  level  of  the  present  sta- 
tion. This  plant  is  of  a  temporary  nature  only  and  plans  for  a  per- 
manent station  are  being  prepared  at  the  present  time. 

The  following  pumping  stations  are  used  in  connection  with  the 
Canal  Zone  water  systems,  principally  for  pumping  water  to  the 
higher  sections: 

Ancon  pumping  station. — ^This  station,  consisting  of  two  10  by  8^ 
by  12  inch  duplex  pumps,  supplies  filtered  water  to  the  higher  levels 
at  Ancon.  At  this  station  during  the  year  200,000  gallons  of  water 
were  pumped  daily  to  the  50,000-gallon  storage  tank  on  Ancon  Hill. 
In  connection  with  this  station  a  central  boiler  plant  is  operated, 
which  furnishes  steam  to  the  Tivoli  Hotel,  Ancon  Laboratory  and 
Hospital,  and  for  the  purpose  of  pumping  water  to  Ancon  Laundry. 
At  tne  present  time  the  pumping  station,  which  is  located  farther  up 
on  Ancon  Hill,  is  being  moved  to  the  boiler  house  and  there  are  being 
installed  three  10  by  6  oy  10  inch  duplex  pumps. 

Paraiao  pumping  station. — ^Thcre  is  one  pump  at  this  station,  which 
pumps  95,000  gallons  of  water  daily  to  the  higher  levels  of  Paraiso. 

Cucuraeha  pumping  station. — The  location  of  this  station  was 
changed  during  tne  year  to  a  point  opposite  its  old  location  on 
Cucuraeha  Hill  below  Rio  Grande,  so  as  to  secure  a  higher  eleva- 
tion and  enable  the  use  of  the  pumps  at  all  stages  of  water  in  the 
JRio  Grande  Reservoir.  The  new  station  contains  two  14  by  10  by  16 
inch  single-acting  pumps,  which  were  a  part  of  the  old  French  stock 
and  have  given  good  satisfaction.  One  pump  at  the  old  station  is 
still  in  service  and  will  be  used  until  the  new  station  is  in  opera- 
tion. The  daily  amount  of  water  pumped  is  350,000  gallons.  This 
station  pumps  water  to  three  tanks  on  Contractors  Hill,  which  sup- 
ply water  pumped  at  the  Mount  Zion  pumping  station. 

Mount  Zion  pumping  station. — This  station  consists  of  two  10  by 
8J  by  12  inch  duplex  pumps,  only  one  of  which  is  in  constant  use, 
and  pumps  water  for  the  higher  levels  at  Culebra.  It  also  pump? 
distilled  water,  condensed  by  a  distilling  plant  at  this  station,  to 
Rio  Grande  and  Culebra.  Two  hundred  thousand  gallons  of  reser- 
voir water  were  pumped  daily  during  the  year  and  1,100  gallons  con- 
densed daily  at  this  station.  This  station  acts  as  a  relay  from  the 
Cucuraeha  pumping  station  to  the  Mount  Zion  Reservoir,  which  has 
a  capacity  of  552,000  gallons.  Arrangements  are  under  way  to  sup- 
ply this  station  with  water  from  Camacho  Reservoir,  rather  than 
from  the  Rio  Grande  Reservoir,  as  heretofore,  as  this  will  enable 
the  Cucuraeha  station  to  be  taken  out  of  service  for  at  least  four- 
fifths  of  the  year. 

Camacho  pumping  station. — This  station  contains  two  10  by  8^ 
by  10  inch  ouplex  pumps,  which  supply  water  to  the  higher  levels 
of  Empire,  and  one  6  by  4  by  6  inch  duplex  pump,  which  supplies 
condensed  water  to  houses,  hotels,  etc.,  at  Empire.    The  former  pump 
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100,000  gallons  of  water  daily  and  the  latter  1,500  gallons  of  distilled 
water. 

Bas  Obispo  pumping  station, — ^This  station  consists  of  two  10  by 
8^  by  12  inch  duplex  pumps,  with  a  capacity  of  300,000  gallons  per 
day.  It  is  not  now  operated  as  the  extension  of  mains  from  Las 
Cascadas  to  Bas  Obispo  supplies  this  town  with  water  from  the 
Camacho  Reservoir. 

Gorgona  pumping  station. — ^This  station  consists  of  two  10  by  8i 
by  10  inch  duplex  pumps,  one  12  by  8J  by  10  duplex  pump,  and  one 
*^  by  4J  by  7  duplex  pump.  It  pumps  water  from  the  Carabali 
ifieservoir  to  a  small  reservoir,  in  Gorgona,  at  elevation  264,  the 
reservoir  having  a  capacity  of  279,000  gallons.  Eight  hundred  and 
fifty  thousand  gallons  of  water  are  pumped  daily  against  a  head  of 
85  pounds.  This  station  also  pumps  2,700  gallons  of  distilled  water 
daily  to  the  hotels  and  machine  shops  at  Gorgona  and  the  town  of 
Matachin. 

Chagres  pumping  station. — This  station  consists  of  one  14  by  &J 
by  10  inch  duplex  pumps,  and,  as  stated  before,  pumps  water  from 
the  Charges  River  to  the  Gorgona  shops  to  supply  engines  and  boilers 
with  water.  Its  capacity  is  400,000  gallons  per  day.  It  is  only  used 
during  periods  of  low  water  in  the  Carabali  Reservoir. 

Mount  Hope  pumping  station. — ^This  is  the  largest  pumping  sta- 
tion on  the  Isthmus  and  furnishes  water  for  Cristobal  and  Colon. 
During  the  year  1,200,000  gallons  of  water  were  pumped  daily  at 
this  station,  which  consists  of  two  14  by  20  by  17  by  15  duplex  pumps. 
The  average  pressure  of  40  pounds  was  increased  to  70  pounds  in  case 
of  fire.  The  auxiliary  station  at  Mindi,  which  is  used  at  low-water 
periods  of  Brazos  Brook  Reservoir,  consists  of  one  10  by  8J  by  12 
inch  duplex  pump  and  one  14  by  10  by  16  inch  single-acting  pump. 
From  June  11,  1907,  to  May  1,  1908,  while  this  station  was  in  use,* 
400,000  gallons  of  water  were  pumped  daily  to  the  ship  yard,  railroad 
tanks,  and  a  part  of  Cristobal. 

All  permanent  pumping  stations,  with  the  exception  of  Mount  Zion 
pumping  plant,  are  using  oil  for  fuel  instead  of  coal.  It  is  believed 
that  this  will  result  in  a  saving  of  30  per  cent  of  the  cost  of  operating 
these  stations. 

During  the  year  authority  was  secured  for  the  construction  of  a 
million-gallon  reserve-storage  reservoir  on  Ancon  Hill,  near  the 
present  50,000-gallon  tank,  for  the  purpose  of  affording  additional 
fire  protection  to  Ancon,  Panama,  and  La  Boca.  This  work  will  be 
begun  shortly. 

Great  care  has  been  taken  to  safeguard  the  purity  of  the  different 
water  supplies.  Through  the  courtesy  of  the  Department  of  Agri- 
culture, Mr.  J.  O.  Meadows,  physiologist,  Bureau  of  Plant  Industry, 
was  assigned  to  duty  on  the  Isthmus  in  this  connection.  Careful 
study  of  the  various  water  supplies  has  been  made  and  such  steps 
taken  as  were  necessary  to  remedy  local  conditions  affecting  the 
quality  of  water  furnished.  His  report  on  the  waters  of  the  Istlimus 
is  appended  hereto.     (Page  111.) 

The  water  inspection  service  was  carried  on  effectively  during 
the  year  to  prevent  wastage  and  leakage  in  water  supplies.  As 
practically  three-fourths  of  the  water  supplies  have  to  be  pumped, 
using  steam,  and  any  wastage  means  an  increased  expenditure  for 


REPORT  ISTHMIAN   CANAL.  COMMISSION — APPENDIX   C. 


87 


this  purpose,  the  importance  of  this  water-inspection  service  is  evi- 
dent. It  is  believed  that  this  service  has  more  than  paid  for  itself 
during  the  year  by  savings  effected  by  its  work. 

The  following  is  a  statement  of  additions  made  to  the  waterworks 
systems  during  the  year  and  total  work  done  to  June  30,  1908, 
in  the  Canal  ^ne : 


Canal  Zone  ioaterworks  gystems. 


La  Boca: 

S-inchpipe feet. 

6-lnch  pipe do. . 

4-inch  pipe do.. 

Smaller  than  4-inch.do. . 

Total do.. 

House  connectiont} 

Hydrants  Installed 

Ho«e  yalyes  placed 


Work 
done  dur- 
ing year. 


Anoon: 

20-inch  pipe feet. . 

16-lnchpipe do... 

8-inch  pipe do. . . 

6-ineh  pipe do... 

4-inch  pipe do... 

Smaller  tnan  4-inch  .do. . . 

Total do... 

House  connections 

Hydrants  installed 

Hose  valves 

Venturimeten 


Oorosal: 

6-lnch  pipe feet. 

4-inch  pine do. . 

Smaller  than  4-inch  .do. . 

Total- do.. 

Houfie  connections , 

Water  meters , 

Hydrants , 

Hose  valves 


Mtraflores: 

4-inch  pipe feet.. 

Smaller  tnan  4-inch.do. . . 

Total do... 

House  connections 


Pedro  Miguel: 

6-inch  pipe feet. 

4-inch  pipe do. . 

Smaller  than  4>inch.do. . 

Total do.. 

House  connections 

Water  meters 

Hydrants 

Hose  valves 


Faiaiso: 

6-inch  pipe feet.. 

4-inch  pipe do. . . 

Smaller  than  4-inch  .do. . . 

Total do... 

House  connections 

Water  meters 

Hydrants 

Hose  valves 

Venturi  meters 


29 

496 

11,822 

6,900 


17,646 

80 

6 

6 


4,124 

2,029 

1,126 

804 


8,083 
69 

2 
22 

3 


Total  to 

June  80, 

1906. 


12 
3,506 


8,517 
8 


67 
3.604 


3,661 
24 


11 

769 

2,921 


8,701 
7 
7 
1 
8 


896 
8,018 


8,409 

89 

8 


6 
1 


1,621 
15,009 
16.907 

7,740 


40,577 
80 
16 
64 


2,000 
4,370 
6,026 
12,794 
8,743 
7,869 


41,302 

165 

38 

56 

3 


945 
1,512 
5,986 


8,443 

37 

8 

3 

23 


57 
4,570 


4,627  , 
27  ' 


357 
2,406 
5,256 


8,018 

68 

7 

1 

22 


6,342 
4.087 
4.686 


14,065 

100 

8 

10 

10 

1 


Cucarachar 

4-inch  pipe feet. 

Smaller  tnan  4-inch.do. . 


Total do. 

Water  meters 


Culebra: 

20-lnchpipe feet. 

8-inch  pipe do.. 

6-inch  pipe do.. 

4-inch  pipe do.. 

Smaller  than  4-ineh. do. . 


Total 

House  connections 

Hydrants 

Hose  valves 


.do. 


Empire: 

ao-inch  pipe feet.. 

16-inch  pipe do 

12-inch  pipe do 

10-inch  pipe do 

8-Inch  pipe do 

6-lnch  pipe do 

4-ineh  pipe do 

Smallertnan  4-inch. do 

Total do 

House  connections 

Hydrants 

Hose  valves 


Work 

done  dur 

ing  year. 


LasCascadas: 

H-inch  pipe feet. 

6-inch  pipe do... 

4-inch  pipe do... 

Smallertlian4-inch.do. . . 
6-inch  pipe do. . . 


Total do. 

House  connections 

Hydrants 

Public  taps 

Hose  valves , 

Tanks , 


Bas  Obispo: 

8-lnch  pipe feet. . 

6inch  pipe do. . . . 

4-inch  pipe do 

Small  erthan4-inch.  do 


Total do 

House  connections 

Hydrants 

Wat  r  cranes 
Public  taps 
Hose  valves 
Tanks 


•  •  •  • 


745 
3,667 
1.220 
3.607 


9.229 

34 

6 

24 


5.452 
4.501 
5,339 


15,292 
54 
15 
24 


Total  to 
June  80, 
1908. 


8,400 


2,940 
8,465 


19,805 

29 

1 

8 


5,780 

110 

6.070 

9,143 


800 

2,860 


08,660 
1 


8,930 
2,809 

15,972 
9.937 

18.066 


45,213 

228 

20 

47 


2,006 
4,987 

12,464 
6,664 
4.090 

10.»<2 
9.133 
8.117 


*  57, 302 
189 


% 


8,400 

2,025 

4,300 

12,746 

390 


27,860 

247 

2 

27 

40 

6 


6,780 

880 

6,070 

11,739 


•2,916  feet  removed  during  year. 


6966  feet  4  inches  removed  during  year. 
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Canal  Zotie  toatertoorks  systems — Continued. 


Matachin: 

SmalleT    than     4  • 

pipe 

Hoiue  connectionB 

Hydxanto , 

Water  cranes 

Pablictapci 

Hofle  valves 

Tanks 


inch 
feet.. 


Goivona: 

lO-inch  pipe feet. , 

8-lnch  pipe do 

6-inch  pipe do 

4-inch  pipe do... 

,     5-inch  pipe do 

Smallertnan 4-inch  .do 

Total do 

Hoose  connections 

Hydrants 

Water  cranes 

Public  taps 

Hose  valves 

Tanks , 

Mamei: 

House  connections 

Public  taps 

Ban  Pablo: 

House  connections 

Public  taps 

Hose  valves , 


Work 
done  dur- 
ing year. 


Tabemilla: 

UKinch  pipe feet. . 

8-inch  pipe do — 

6-inch  pipe do 

4i-inch  pipe do 

Smaller  than  4  inches*, 
feet 


Total feet. 

House  connections 

Water  cranes 


15 


1 
2 


Total  to 

June  30, 

1906. 


590 
1,625 
1.500 
2,000 

955 
33,142 


39,812 

5 
1 

15 

SO 

4 

9 
3 

34 

8 

16 


920 

1.075 

5,25.1 

13.(300 


4,400 

178 

2 

1 

16 
6 
2 


71.727 

390 

27 

5 

15 

43 

6 

9 
3 


34 

8 
16 


a590 

3,640 

12,945 

15,765 

965 

a87,832 

I 


920 
1,075 
6,580   I 
13,600   I 


Tabemilla^-Continned. 

Public  taps 

Hose  valves 

Tanks 


Work 
done  dur- 
ing year. 


Gatun: 

8-inch  pipe feet.. 

6-inch  pipe do 

5-inch  pipe do 

4Hnch  pipe do 

4-inch  pipe do 

Smaller  than  4  inches, 
feet 


Total feet. 

House  connections 

Hydrants 

Water  cranes 

Public  taps 

Hose  valves 

Tanks  

Standpipes 

Mount  Hope: 

Water  meters 

Public  taps 

H(x*e  valves 

Tanks 

V'enturi  meters 


Cristobal: 

10-inch  pipe feet.. 

8-inch  pipe do 

6-ineh  pipe do 

4-Inch  pipe do 

Smaller  than  4   inches, 
.  feet 


Total feet. 

House  connections 

Water  meters 

Hydrants 

Hose  valves 

Tanks 

Venturi  meters 


Total  to 

Juneao, 

1908. 


8,620 
11,265 
11,265 

2,004 
726 

22,313 


51,193 

44 

3 

1 

11 


8 


1 
5 


2,253 
3,396 

10,196 


15,845 
64 
15 
53 


17 

28 

5 


3,620 
17,016 
14,840 

2,004 
726 

22,313 


60,518 

181 

3 

1 

11 

27 

4 

2 

2 
5 
24 
4 
1 


2,967 

1,635 

19,158 

3,396 

10,196 


37,342 
64 
15 
96 
25 
2 
2 


a  Include  Matachin. 


Recapitulatkm. 


Water  pipe 

House  connections 

Tanks 

Standpipes  (railroad^. 
Hydrants '.. 


253,078 

583 

12 


94 


462,951 

2,320 

41 

2 

245 


Hose  valves ... 
Venturi  meters 
Water  meters. . 

Public  tapM* 

Water  cranes.. 


168 

504 

4 

7 

32 

36 

51 

117 

8 

13 

SKWERS. 


Nearly  98  per  cent  of  all  quarters  constructed  by  the  commission 
have  been  connected  with  the  Zone  sewerage  systems,  as  well  as  all 
office  buildings  and  shops.  Following  is  a  statement  of  the  amount 
of  sewer  pipe  which  has  been  laid  in  the  Canal  Zone . 
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Canal  Zone  newerage  systems. 


Lb  Boca: 

8-inch  pipe feet. 

6-inch  pipe do... 

4-inch  pipe do... 


Total do. 

Manholes 

Bonae  oonnectiona 


Amcon: 

12-inch  pipe feet. 

8-inch  pipe do... 

6-inch  pipe do... 

4-inch  pipe do... 

Total do... 

Manholei 

House  connections 


Oorosal: 

6-lnch  pipe feet. 

6-inch  pipe do... 

4-inch  pipe do... 


Total do. 

Manholes 

House  connections 


Mixaflores: 

10-inch  pipe feet. 

8-inch  pipe do... 

6-lnchpipe do... 

Total do... 

Manholes 

House  connections 


Pedro  Mlsmel: 

10-incn  ^pe feet. 

8inchpipe do... 

6-inch  pipe do... 

4-lnch  pipe do. . . 


Total do.. 

Manholes 

House  connections 


Paiaiso: 

.feet, 
.do... 

6-inch  pipe do... 

4-inch  pipe do... 


12-inch  pipe 
8-inch  pipe.. 


Work 

done 

during 

7ear. 


Total do. 

Manholes 

House  connections . . . . 


Cncuracha: 

6-inch  pipe 

Manholes 

House  connections 


feet.. 


Cnlebra: 

8-inch  pipe feet.. 

6'lnch  pipe do 

4-inch  pipe do..., 

Various  slses do..., 

Total do.... 

Home  connections 


Total 
to  June 
SO,  1908. 


1»847 
S,8M 


6,206 
16 
16 


2.823 

2,687 

100 


6,060 
19 
60 


1,080 


1,080 
1 


638 
622 
715 


1,876 

7 

II 


100 
327 


1,298 
4 
9 


281 
8,266 


3,660 
10 
21 


2,006 
4 

5 


1,793 
3,787 


96 


5,676 
89 


2.061 
6,805 
1,552 


89 

8.266 

14,202 

1,285 


23.742 

81 

162 


1,672 

4,377 

791 


6,840 
26 
25 


538 
622 
715 


1.875 

7 

11 


100 
8.403 
6,920 

965 


11,888 
80 
63 


896 
4,500 
8,283 

420 


13,549 

46 
79 


2,003 
4 

5 


10, 746 

15,536 

8,103 

640 


80,025 

218 


Work 
done 
during 
I    year. 


I 


10.408 
81 
62 


Empire: 

12-inch  pipe feet 

8-inch  pipe do.. 

6-inch  pipe do.. 

4-inch  pipe do 


Total do.. 

House  connections 


Cancadas:  i 

36-lnch  pipe feet..i 

8-inch  pipe do. . . 

6-inch  pipe do... 


Total  do.. 

House  connections 


Matachin: 

8-iDch  pipe feet 

6-inch  pipe do 

Various  sizes do 

Total do 

House  oonnectioni* . . . 


Qorgona: 

12-inch  pipe feet 

10-inch  pipe do. . 

4-inch  pipe do.. 

VariouA  sizes do. . 

Total do.. 

House  connections 


Tabemilla: 

8-inch  pipe feet. 

6-inch  pipe do  . . 

Total do... 

House  connections 


Oatun: 


.feet., 


10-inch  pipe 

K-inch  pipe do. . . 


6-inch  pipe do. 


Total do.. 

House  connections . . . . . 


Cristobal: 

20-inch  pipe .feet 

15-inch  pipe do 

10-inch  pipe do 

8-inch  pipe do 

6-inch  pipe do 

4-inch  pipe do 

12-inch  pipe do 

Total do 

Manholes 

Catch  basins . 

House  connections . . . 


Bas  Obispo: 

6-incn  pipe feet. . 

House  connections 


Total 
to  June 
80,1908. 


187 

14,608 

15,896 

2,018 


32,668 
177 


86 


86 
29 


7,925 
25 


86 

560 

6,810 


a6,446 
247 


242 

4,483 


4,725 
60 


8,600 

8.780 


12,380 
164 


1,790 
1,427 


3,217 
44 


396 

100 

2,949 

1,.586 

1,116 

700 


6.847 
20 


64 


1,790 
4,960 
6.250 

13,000 
238 


827 
1,744 

618 
8,408 
4,068 
1,116 

700 

11.976 

20 

12 

106 


«>  1,951  feet  6  inches  removed. 
Recapitulation, 


Water  pipe feet.. 

Manholes , 


72,678 
81 


217,975 
254 


Catch-basins 

House  connections. 


441 


12 
2,168 
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Tbe  constractioQ  of  roads  in  the  Canal  2k«e  has  progressed  dnrin^ 
the  year  as  made  necessary  by  the  construction  of  new  quarters  ana 
other  buildings*  Tbe  cost  of  roads  is  a  very  considerable  item, 
because  in  ormr  to  withstand  the  traffic  and  weather  conditions  they 
have  to  be  of  the  macadam  type  with  an  extra  heaw  macadam  sur- 
face.   The  following  is  a  statement  of  road  work  performed: 


hoemtkm  mad  itewL 


Aneofi: 


Conml:  MmemOam 
Pedro  M 


Colctni: 


PMlM 


FMlM 

hm  CmaAm:  Miicadam 
ttm  OMfipO!  UnOkAmm  . . 

OonoiMt:  UmmABia 

T*benil)lft:  P«tha 

Chrtmi: 

UmcaAam 

PfttiM 

CrteCotMa: 


Brick  on  coociete. 
PMlM 


Work  6oo0t  dmiiiff     Total  to  Jme  30, 


I 


Lencth.  Qouitfty.,  Lcncth.  iiamaAtf. 


Feet. 

1,308 
3.500 

2,999 

U.fiOO 
2,200 


•V 


n  I 


148 
654 

5,833 
6>300 
4,806 

1.100 


5,4S3 

9,106 

2,400 

1,200 

1            5&2 

920 

2,2M 

3,806 

7.360 

U,156 

1,700 

8S0 

7,830 

u,oeo 

5,U» 
8.568 

2,600 
17.107 

Jtel 

Sq  9dM. 

60,  OM 

U».2S1 

1.30H 

6M 

3,500 

S.8S 

S»780 

6,300 

2,969 

4,808 

21,570 

86,949 

6,525 

3,268 

2,400 
3,682 
6,170  1 
14,960  1 
1,700  I 


30,230 

1.200 

6.186 

10,282 

23,821 

8S0 


32 
1.200 


I 


80 
800 


17,< 
6,000 

20,286 

438 

1,200 


2,600 

40,570 

1,000 

80O 


Totol: 

MftCAdam 116,307  1  213,538 

Brick  on  concrete 32  i  80 

Piiths 13,808  1  7,104 


172,148 
438 

18,133 


292,633 
1.000 
9,266 


M ISCEXLAITEOUS. 


During  the  year,  at  Culebra  Island,  the  new  quarantine  station  in 
Panama  Bay,  a  system  of  waterworks  and  sewers  was  constructed, 
walks  built,  and  a  floating  landing  stage  placed  in  position.  The 
latter,  which  is  necessary  to  afford  a  landing  at  all  stages  of  the  tide, 
was  nearly  completed  at  the  close  of  the  fiscal  year.  The  waterworks 
and  sewer  systems  consist  of  the  following: 


Item. 


O-lnch  pipe feet. 

Smaller  than  4-lnch  pipe do... 

Total do... 

Hotue  connectiotM 

Public  taps 

How  val  veil 

TanlcH 

Maoholen 


Water- 
works. 


Sewen. 


1,186 
4.269, 


5,455 

9 

1 

16 

4 


1,000 


1,000 
7 


At  Taboga  Island  there  have  been  installed  by  this  division  2,040 
feet  of  water  pipe  (smaller  than  4rinch)  and  connected  with  it  5  hose 
valves;  also  2,104  ^eet  of  sewer  pipe  of  various  sizes. 
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At  Porto  Bello  1,628  feet  of  8-inch  sewer  pipe  were  installed  dur- 
ing the  year  and  connected  with  it  5  manholes. 

During  the  year  the  rock  crusher  at  Rio  Grande,  operated  by  this 
division,  crushed  57,329  cubic  yards  of  rock,  at  an  average  cost  of 
$2.31  per  cubic  yard.  At  the  end  of  the  year  rock  was  being  crushed 
for  about  $1.75  per  cubic  yard.  It  is  believed  that  with  the  crusher 
operating  continuously  and  with  a  sufficient  number  of  cars  to  take 
care  of  the  entire  daily  output,  the  cost  of  crushing  rock  at  this  point 
could  be  reduced  to  $1  per  cubic  yard.  At  slack  periods  during  the 
year  considerable  strippmg  was  done,  and  it  is  estimated  that  700,000 
cubic  yards  of  stone  are  now  available  for  crushing. 

In  addition  to  the  above  work  this  division  is  charged  with  the 
construction  of  municipal  improvements  in  native  settlements  under 
the  jurisdiction  of  the  Canal  Zone  government.  Following  is  a  state- 
ment of  cost  of  this  class  of  work  performed  during  the  year : 

Roads  and  trails,  maintenance $903.42 

Roads,  new  construction 16,654.77 

Waterworks  and  sewers 14,280.16 

Miscellaneous  works^ 4,379.00 

Total 36, 217. 35 

A  great  deal  of  work  in  the  way  of  road  and  trail  construction  and 
maintenance  has  been  performed  oy  convict  labor  and  natives  working 
out  their  poll  tax.  Tnis  has  proved  a  very  economical  and  satisfac- 
tory way  of  handling  some  of  the  least  difficult  portions  of  the  above 
classes  of  work. 

statement  of  force  employed  hy  the  division  of  municipal  engineering. 


June  SO,  1907. 

Jane  80, 1908. 

Gold 

160 
1.829 

106 

Sllyer 

QIO 

Total 

1,989                  1.016 

EXPENDITURES. 

The  following  is  a  statement  of  the  expenditures  of  this  division 
during  the  fiscal  year : 


Main  office,  Panama 

Panama: 

WaterworkB  and  sewers 

Paving 

Colon: 

WaterworkB  and  aewera 

Paving 

Zone: 

Waterworks  and  Hewers 

Roadi I    73.691.18 

Rio  Grande  crusher I     7,411.87 


Material. 


11.215.97 


8.7H4.S9 
16,841.12 

18,691.06 
35,424.63 

220,043.21 


Direct 
labor. 


$1,448.69 

10,449.89 
13,276.38 

20.071.61 
19,171.68 

183,824.28 

119,663.67 

67,003.89 


Total, 


381,108.48 


484,888.84 


Indirect 

labor  and 

Bupervi- 

non. 


138,601.66 

5,602.90 
6,812.11 

9.144.8S 
8,166.86 

112,832.20 
66,896.79 
18,284.41 


261,168.76 


ToUl. 


841.266.22 

24,887.18 
86,928.61 

47,907.00 
68,081.66 

616,199.64 

260.140.64 

87,789.67 


1,067,160.58 
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During  the  jeAr  shj^itoBos  of  coat  keeping  har^  huen.  introdacsd  in 
fhia  division,  and  accurate  record  kept  of^tfae  co6t  of  Ysrioiis  iiuii- 
vidnal  itema  of  work  and  the  important  emits  in  same.  By  compar- 
ing' 9oeh  eoflta  of  ^timilar  work  in  each  of  the  four  ranbdiri^cHis  more 
statisfaetory  res^uitH  have  been  obtained  than  heretofore.  Asraslant 
engineers  in  char2e  of  the  j=»nbdivt-ioni5  have  been  required  to  estimate 
on  the  coat  of  work  previous  uy  authorization  and  have  been  required 
to  -^e  that  the  co«t  of  work  is  kept  within  e^stimates.  This  is  rather 
difficult  in  the  rainy  aea^on.  ei^pecially  in  ro«d  and  trail  work,  as  the 
eontinuoQA  rains  are  conducive  to  hiiBier  costs. 


Drvwrox  op  ButLDrxG  Coyj?rax:cnox. 

For  the  performance  of  it^  work  this  division  is  divided  into  six 
difttrid^u  with  a  superintendent  in  each  diiitrict  having  charge  of  aQ 
carpentry  work :  superintendents  of  plumbing,  paintin;^.  and  masonry 
are  resiponmhle  for  all  work  of  this  kind  performed  chrougtioat  the 
division.  All  superintendents  report  to  the  master  builder.  I^ans 
for  all  work  done  ori^nate  in  the  architect's  offit^e.  which  is  nnder 
the  direction  of  the  ma^rter  builder.  The  only  change  in  the  organiza- 
tion of  this  divif'ion  dnring  the  year  was  the  abolition  of  the  position 
of  assistant  master  builder. 

The  average  force  employed  d firing  the  year  was  ±366  m»u  the 
maximum  force  being  3^>2.>.  employeti  in  July.  VM)T^  and  the  mini- 
mnm  force  being  lJt^A'>  men.  employed  in  April.  11W)8. 

liurincr  the  year  a  con-^iflerable  re<hn:tion  in  fon:e  was  ma^  owing 
to  the  diminfition  of  the  work  of  the  division.  The  following  state- 
ment r-how-^  the  forces  of  thi.^  division  at  the  beginning  and  close  of 
the  fis^-al  v«ir: 


«ioUL  IsilTer. 


inXjl.Vff: 1.0M  I  X<W  4.127 

Jan«30.  i*i*s XM  I  l.iMO  I.9K 

» 

hntrnMne  <\nr\T\ti  xhf  jf:».r 71*"  2.W3  l.'XL 


Tlie  average  pay  of  skilled  and  unskilled  la!x>r  per  hour  is,  for 
**  gold  "  men,  $0,625,  and  for  **  silver;'  men.  $0.1t3i». 

The  total  expenditures  of  this  division  during  the  year  are  as 
follows: 


9n\'*:T\utf^A\utr .  (U'.rnst}.  flraftSnjr.  fir 

fVm'tni/'tioTi  of  r.*'W  f>»3:  dtr.tf"    

Ki>pAir«  iff  An\f.n(AU  XtUiA^i,^^  ttn  H/rr^niut  t*i  dete- 

n'/ffction 

Ifnj»fovrr»<^ritH  to  Krxtt-r.fuxi  \>  ..Minj?* 

K«rM)ni  to  >  r^nr-h  \ttnU\itti(-^  on  h*  <  ount  of  d**tenora- 

lutn 

]in|frov«;menU  U>  Frenr-h  Mul'linjc* 


T'Hiil 


Lal»>r. 


1  S^.  LS6  48 


Material. 


f!/JS.  735. 91 

9y.uv>.44 
«J  219.  SS 


1,»«1,29Q.(I3         l.*>24,»44.96 


ToUl. 


fl90.as.9« 
2,181,nS.9 

106.481.79 
184.»1&44 

18&,417.96 


S.0S6.13&01 


Of  the  new  con.stniction  the  largest  amount  expended  was  for  the 
conHtniction  of  "  gold  "  quarters,  which  cost  $J>82,771.86.  During  the 
year  4$>1  new  buildings  were  constructed;  1,1-^7  American  buildings 
repaired  on  account  oi  deterioration,  and  additions  or  improvements 
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made  to  423  buildings;  1,178  old  French  buildings  have  been  re- 
paired on  account  of  deterioration,  and  additions  and  improve- 
ments made  to  275.  To  date  1,462  buildinfi;s  have  been  constructed, 
and  on  July  1,  1908,  the  total  number,  including  French  buildings, 
on  hand  was  3,313. 

A  large  item  in  the  construction  of  buildings  on  the  Isthmus  is 
screening,  which  cost  during  the  year  $122,672.  <  9  and,  since  Ameri- 
can occupation  to  June  30,  1908,  $4^21,882.64.  Some  trouble  has  been 
experienced  from  deterioration  of  some  of  the  brass  screening  wire, 
and  a  careful  investigation  is  under  way  to  ascertain  the  cause  of 
same.  Under  present  specifications,  which  require  wire  to  be  of 
bronze,  it  is  believed  that  permanency  of  the  screening  will  be  at- 
tained. 

All  buildings  constructed  are  in  accordance  with  approved  type 
plans.  Twenty-four  types  of  living  quarters  have  been  aesigned  for 
the  accommodation  oi  ^'  ^Id  "  employees.  For  *'  silver  "  employees 
buildings  have  been  designed  which  are  adapted  to  the  different 
nationalities  which  occupy  them.  All  buildings  are  constructed  in 
accordance  with  sanitary  regulations  in  force  and  are  protected  by 
wire  screening.  For  the  use  of  "  silver ''  employees  laundry  tubs  of 
durable  construction  have  been  built  in  the  different  camps,  and  dry- 
ing rooms,  in  which  clothes  may  be  dried  overnight,  have  been  fur- 
nished at  the  Fox  River  Camp  and  at  Gatun.  In  the  l)etter  type 
houses,  occupied  by  ^'  gold  "  employees  as  family  quarters,  drying 
rooms  are  provided,  and  at  the  close  of  the  year  work  was  under  way 
to  provide  bachelor  quarters  as  well  with  drying  rooms  for  the  con- 
venience and  comfort  of  the  occupants. 

In  the  drafting  room  of  this  division  115  sets  of  plans,  consisting 
of  345  sheets  of  drawings?  were  prepared  during  the  year,  as  well 
as  plans  and  specifications  for  contract  building  work.  On  July  1, 
1907,  the  dl^ftmg  force  consisted  of  12  men,  and  on  June  30,  1908, 
of  7  men. 

Among  the  more  important  items  of  construction  performed  by 
this  division  during  the  year  are  the  following:  33  hospital  buildings, 
37  storehouses,  7  fire  department  buildings,  9  laborers'  bath  houses, 
26  laborers'  range  closets,  6  fumigation  nouses,  5  corrals,  9  school- 
houses,  6  commissaries,  1  clubhouse,  4  post-offices,  9  office  buildings, 
2  lodge  halls,  18  standard  laborei*s'  barracks,  5  band  stands,  2  Gallego 
mess  halls,  5  hotels,  4  jails,  8  powder  and  detonator  houses,  4  markets, 
35  shop  buildings,  8  laborers'  washhouses,  3  bridges,  and  200  type 
quarters  for  "  gold  "  employees. 

The  Ancon  wood  and  machine  shop  was  operated  by  this  division 
during  the  year  for  the  manufacture  of  millwork,  trim,  and  similar 
work.  Seventy  men  have  been  employed  at  this  shop  at  a  cost  of 
$39,827.87. 

The  principal  items  of  work  turned  out  at  the  Lirio  planing  mill 
are  as  follows : 

Sash --- pieces—  11,441 

Doors do 11,780 

Blinds do 5,174 

Screens do 139 

Cabinetworlc do 1,077 

Woodworked  articles __do 29,183 

Resawed  lumber feet  B.  M—  319,000 

Molding  and  finlsbed  lumber feet..  8,870,547 
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This  mill  emplojred  an  average  of  58  men,  at  an  annual  cost  of 
$55,880.59.  All  millwork  for  buildings,  such  as  screening  strips, 
quarter  round,  portable  lattice  screens,  etc,  is  done  at  this  mill,  in- 
stead of  on  the  job,  as  was  the  case  in  previous  years.  This  was  one 
of  the  steps  taken  to  lessen  the  cost  of  building  work  on  the  Isthmus. 

At  Culebra,  a  small  sawmill,  used  for  rippmg  heavy  lumber,  was 
discontinued  and  the  work  transferred  to  the  Lirio  mill. 

At  Gorgona  the  sawmill  was  operated  a  portion  of  the  year  and 
during  the  month  of  April  sawed  40,000  linear  feet  of  1-inch  material 
from  heavy  timber,  at  a  cost  of  about  one-tenth  of  a  cent  per  linear 
foot 

To  supply  the  requirements  of  the  masonry  subdivision  at  Ancon 
and  vicinity,  there  was  operated  by  this  division  at  Ancon  a  stone 
crusher  of  French  construction.  The  total  output  during  the  year 
was  2,002  cubic  yards,  costing  88  cents  per  cubic  yard. 

In  the  cement  block  plant,  at  Ancon,  there  were  manufactured 
during  the  year  17,969  concrete  blocks,  of  various  sizes,  at  a  cost  of 
12J  cents  per  cubic  foot,  or  an  average  of  25  cents  per  block.  These 
blocks  were  used  in  the  construction  of  8  vaults  for  post-offices  and 
general  offices,  3  fire  walls,  8  powder  and  detonator  houses,  1  drive- 
way,  and  chimneys  of  yarious  sizes.  The  powder  houses  were  built 
entirely  of  concrete  blocks  on  solid  concrete  foundations,  with  iron 
doors.  Blocks  are  made  from  a  mixture  of  one  part  cement,  three 
parts  sand,  and  three  parts  stone  chips,  giving  a  tensile  strength, 
when  three  months  old,  of  342  pounds  per  square  inch.  Powder 
houses  constructed  of  these  blocks  have  been  tested  and  found  to  be 
bullet-proof. 

During  the  year  special  attention  has  been  given  to  reducing  the 
cost  of  work  in  this  division.  This  has  been  done  by  modifying  and 
cheapening  the  cost  of  all  type  structures,  through  the  elimination 
of  unnecessary  features;  by  the  adoption  of  more  suitable  and  more 
satisfactory  materials  and  cheaper  methods  of  application,  and  by 
requiring  higher  efficiency  in  the  performance  of  work,  through  com- 

Sarison  of  detailed  cost  statistics  on  work  done  in  the  different 
istricts. 

Some  of  the  more  important  items  eliminated  in  construction  work 
are:  Omission  of  extra  studding  on  sides  of  doors  and  windows; 
omission  of  cross  braces  on  verandas,  omission  of  interior  lattice- 
work, ornamental  moldings,  and  double  ceiling;  omission  of  tile 
floors,  omission  of  all  repainting,  except  to  prevent  deterioration. 

In  the  way  of  securing  more  satisfactory  material  and  cheaper 
methods  of  application  is  the  following:  Ordering  of  dressed  ma- 
terial from  the  United  States,  and  of  material  in  sizes  that  do  not 
require  ripping  in  order  to  make  them  ready  for  use ;  use  of  concrete 
blocks  for  uptakes  or  chimneys,  instead  of  galvanized-iron  pipe, 
which  deteriorates  rapidly ;  reducing  the  thickness  of  concrete  noors 
and  walks  and,  in  some  cases,  substituting  double  wooden  floors  with 
tar  paper  between  for  concrete  floors;  centralizing  plumbing  work, 
doing  away  with  long  runs  of  pipe;  reversing  alternate  sheets  oi 
roofing  iron,  bv  which  two  inches  in  each  sheet  is  gained;  performing 
millwork  for  buildings  at  the  Lirio  mill;  painting  of  tile  and  gal- 
vanized-iron roofs  with  coal-tar  paint  instead  of  oil  paints. 

For  securing  greater  efficiency  in  the  performance  of  work,  com- 
plete systems  of  cost  keeping  have  been  established  covering  all 
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branches  of  the  work  of  this  division.  In  the  main  office  work  costs 
have  been  divided  into  separate  units,  such  as  carpentry  work, 
masonry  work,  plumbing  work,  painting  work,  and  indirect  charges 
(which  includes  office  force,  supervision,  sick  leave,  transit  time, 
vacation  leave,  holiday  pav,  and  general  labor  not  directly  applicable 
to  any  one  piece  of  work).  Comparison  of  cost  of  similar  work  in 
all  districts  has  resulted  in  uniformity  in  cost  of  like  work  through- 
out, superintendents  striving  to  outdo  each  other  in  performing 
work  at  the  least  cost.  The  class  of  labor  obtained  from  the  United 
States  has  not  been,  as  a  whole,  of  the  best,  and  this  has  been  re- 
flected in  the  high  cost  of  building  work.  During  the  year,  how- 
ever, the  least  efficient  of  the  "  gold  "  mechanics  have  been  separated 
from  the  service  and  the  efficiency  of  the  labor  retained  has,  ttirough 
proper  systems  of  supervision,  been  increased  more  than  50  per 
cent-  The  following  statement  shows  the  present  cost  per  cubic  foot 
of  some  of  the  principal  type  buildings  erected  by  the  commission : 

Per  ctt.  ft 

Type  5,  S-room  bachelor  quarters $0,095 

Type  14,  4-fainiIy  quarters .112 

Type  17,  1-famlly  quarters .127 

Type  18,  24-room  bachelor  quarters .075 

In  order  to  stimulate  economic  building  work  in  this  division 
during  the  past  year,  the  commission  has  constructed  several  build- 
ings by  contract,  the  commission  furnishing  all  material  and  the  con- 
tractor all  labor.  This  caused  an  appreciaole  reduction  in  costs,  and 
costs  by  commission  forces  will  be  held  at  the  lower  figures  hereafter. 
or  resort  will  again  be  made  to  contract  work.  With  few  exceptions, 
contractors  performing  work  for  the  commission  employed  colored 
labor  exclusively.  A  contractor  is  not-subject  to  such  indirect  charges 
as  vacation,  sick  and  injury  leave,  all  of  which  enter  into  the  cost  of 
commission-built  structures.  The  results  desired  were  obtained,  how- 
ever, and  have  brought  about  greater  efforts  toward  the  reduction 
in  cost  of  work. 

During  the  year,  the  4  time-keeping  and  pay-roll  offices  of  this 
division,  carrying  23  clerks,  at  a  monthlv  cost  of  $2,950,  were  reduced 
to  2,  1  at  Ancon  and  1  at  the  main  of^ce,  Culebra.  At  the  former 
office  2  men  were  stationed  and  at  the  latter  8  men,  the  monthly  pay 
roll  being  reduced  to  $1,400  for  this  class  of  work. 

In  all  districts  and  subdivisions  foremen  are  held  responsible  for 
securing  the  proper  day's  work  from  men  under  them,  and  in  cases 
where  me  cost  of  work  is  higher  than  it  should  be,  satisfactory  causes 
for  such  increased  cost  must  be  given.  In  the  masonry  subdivision 
it  was  found  advantageous  to  rrauce  the  size  of  the  gangs,  as  this 
Idnd  of  work  requires  constant  supervision  on  the  part  of  foremen. 
Under  this  system  the  cost  of  piers  and  footings  has  been  reduced  to 
from  $2.50  to  $3  per  cubic  yard.  In  larger  work  in  the  masonry  line 
the  cost  is  considerably  less. 

Systematic  efforts  toward  the  reduction  in  cost  of  painting  has 
decreased  the  cost  of  painting  more  than  half.  For  instance,  type 
No.  14  houses  in  November,  1907,  cost  $402.65  for  painting,  for  labor 
only,  and  in  June,  1908,  $179.56.  The  work  includes  the  following : 
Interior  and  exterior,  290  squares,  given  two  coats;  roof,  42  squares, 
given  one  coat ;  creosoting  foundations  and  underside  of  first  floor,  45 
squares,  given  one  coat.    The  cost  per  square  averaged  27  cents  for 
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labor  only.  The  total  coet  of  painting  work  was  reduced  considerably 
by  the  decision  to  do  repainting  only  for  the  sake  of  preservation  of 
buildings  and  not  for  appearance;  also  by  the  substituticAi  of  Cnn- 
nin^am  coal-tar  paint  for  oxide  of  iron  paints  in  painting  tile  and 
galvanized-iron  roofs.  This  paint,  whidi  is  a  mixture  of  8  gallons  of 
coal  tar,  1  gallon  of  kerosene  oil,  and  12  pounds  of  Portland  cement,  is 
very  much  cheaper  and  has  superior  lasting  qualities  to  any  paint 
previously  used.  It  costs  9  cents  per  gallon,  mixed  ready  for  use,  and 
has  been  applied  to  over  2,000  commission  buildings,  the  amount  used 
during  the  year  being  over  15,000  gallons.  Since  American  occupa- 
tion approximately  $1,000,000  has  been  spent  for  material  and  labor 
reonired  in  painting  buildings. 

Woodwork  of  buildings  is  subject  to  injury  in  various  degrees,  in 
different  localities,  from  small  white  antsl  it  was  thought  at  first 
that  creosoting  the  foundations  would  prevent  the  entrance  of  ants. 
As  soon  as  the  creosote  dried  out,  however,  it  was  discovered  that  the 
ants  ascended  the  foundation  posts  through  small  mud  tunnels  they 
built,  and  ate  away  joists,  studding,  and  other  timbers  not  exposed 
to  the  light.  The  most  satisfactory  and  cheapest  protection  against 
this  trouble  has  been  found  in  employing  cheap  labor  to  ma^e  an 
inspection  once  or  twice  a  month  and  destroy  the  mud  tunnels.  The 
cost  of  this  inspection  is  about  $2,500  per  annum,  and  it  saves  a  large 
amount  in  repairs  which  would  otherwise  soon  be  necessary. 

In  August,  1907,  the  plumbing  subdivision  took  over  from  the 
•department  of  labor,  quarters,  and  subsistence  the  installation  and 
repair  of  stoves  and  ranges  in  commission  buildings. 

The  average  cost  for  material  and  labor,  per  fixture,  for  installing 
plumbing  last  year  was  $50.  This  year  the  cost  has  been  reduced  to 
$41.  The  total  number  of  plumbing  fixtures  installed  since  Amer- 
ican occupation  amounts  to  over  12,000,  and  the  total  cost  of  plumb- 
ing in  all  commission  buildings  has  been  a  little  over  $1,000,000. 

A  large  number  of  French  buildings  were  roofed  with  hard-glazed 
French  tile,  which  led  to  the  adoption  on  a  number  of  American 
buildings  first  constructed  of  tile  as  a  roof  covering.  Something 
over  1,500  squares  of  American  tile  have  been  ordered  and  a  large 
portion  used,  but  the  results  have  not  been  so  satisfactory  as  the 
French  found  with  this  material.  The  American  tile  is  more  porous 
and  not  so  hard  as  the  French  tile.  Samples  of  French  tile  im- 
mersed in  water  for  twenty-four  hours  show  an  absorption  of  9.55 
per  cent,  while  American  tile  showed  correspondingly  an  absorption 
of  15.12  per  cent.  Water  under  pressure  penetrates  American  tile 
and  drips  through.  One  of  the  greatest  objections  to  the  use  of 
American  tile,  however,  is  the  breakage  in  shipment,  amounting  on 
an  average  (o  over  25  per  cent.  All  of  the  tile  roofs  have  been  made 
water-tight  after  some  difficulty,  by  cementing  the  joints  and  paint- 
ing with  Cunningham  coal-tar  paint.  Xo  more  tiling,  however,  will 
be  used  for  roofing,  as  the  galvanized  corrugated  iron  which  is  in 
general  use  has  been  found  to  be  the  cheapest  and  most  satisfactory 
roof  covering  and,  when  protected  from  corrosion  by  Cunningham 
coal-tar  paint,  is  durable. 

The  laoor  employed  by  this  division  consists  of  "  gold  "  mechanics, 
most  of  whom  are  American  citizens,  and  "  silver "  helpers  and 
laborers,  with  a  few  "  silver "  employees  classed  as  mechanics. 
Numbered  among  the  ^^  silver  "  employees  are  Jamaicans  and  other 


BEPOBT  ISTHMIAN  CAKAL  COMMISSION — APPENDIX  C.  97 

West  Indians,  Hindus,  Gkllegos,  and  Italians.  During  the  early 
days  of  American  occupation  practically  the  only  skilled  labor  ob- 
tainable was  American  mechanics  who  came  down  from  the  United 
States,  many  of  whom  were  not  overly  skilled  in  their  trades.  Since 
tiien  many  of  the  Jamaicans,  who  have  worked  under  American  fore- 
men and  with  American  mechanics  from  two  to  four  years,  have 
become  quite  skillful  and  competent  mechanics,  and  in  the  building 
trades  the  better  class  of  these  colored  mechanics  are  now  able  to 
perform,  on  the  rougher  and  more  simple  classes  of  building  con- 
struction,  75  per  cent  as  much  work  as  the  average  ^^  gold  "  medianic, 
at  from  one-third  to  one-half  the  latter's  wages.  This  comparison 
is  for  mechanics.  As  far  as  labor  is  concemea,  Gallego  and  Italian 
laborers,  at  20  cents  gold  per  hour,  are  cheaper  and  more  satisfactory 
than  colored  labor  at  10  cents  per  hour  gold.  Hindu  laborers,  at  20 
cents  per  hour  gold,  are  intermediate  in  efficiency  between  the  white 
European  laborer  and  the  colored  West  Indian  laborer. 

In  painting  especially  are  "  silver  "  mechanics  much  cheaper  than 
"cold"  mechanics.  "Gold"  painters  receive  from  65  to  70  cents 
gold  per  hour,  and  on  average  housework  paint  8  squares  per  day 
of  eight  hours.  "  Silver  "  labor,  the  average  pay  of  which  is  20  cents 
gold  per  hour,  averages  6  s<][uares  per  day.  Inpainting  corrugated- 
iron  roofs  "  silver  "  mechanics  cover  from  14  to  16  squares  in  eight 
hours  and  accomplish  this  work  much  cheaper  than  white  painters, 
as  the  latter  will  not  work  on  the  steep  roofs  without  the  use  oi 
ladders,  whereas  the  "silver"  mechanics  climb  over  them  in  their 
bare  feet  without  ladders. 

White  tinners  will  never  be  required  in  any  number  on  the  Isthmus, 
as  they  can  not  endure  the  heat  when  working  on  the  metal  roofs, 
but  for  shopwork  white  tinners  from  the  United  States  are  much 
cheaper  and  more  satisfactory. 

On  all  classes  of  plumbing  work  the  "  gold  "  mechanic  has  proved 
himself  much  more  efficient  and  satisfactory  than  "  silver  "  employees. 

During  the  present  year  the  division  of  building  construction 
worked  into  place  approximately  20,000,000  feet  of  lumber,  board 
measure;  over  120,000  sheets  ox  galvanized  corrugated  iron  were 
used ;  167,000  square  yards  of  screening  placed,  and  250  tons  of  nails 
used. 

The  following  is  a  statement  of  work  done  by  this  division  at  each 
station : 

Tahoga  Island: 

N~1942,  addition  to  the  sanitarium. 
Oulehra  Island  (new  quarantine  station) : 

Detention  buUding  for  cabin  passengers. 

Detention  building  for  steerage  passengers. 

Quarters  for  attendants  and  women  steerage  passengers. 

Building  for  attendants'  quarters  and  storeroom. 

Plague  laboratory. 

Laundry. 

Isolation  hospital,  41  feet  8  inches  by  41  feet  8  inches. 

Isolation  hospital,  smaller  dimensions. 

Type  10  quarters  for  resident  physician. 
La  Boca  and  East  La  Boca. — Sixte^i  old  French  buildings  remodeled  and 
repaired  for  quarters,  and  the  foUowing  new  constructions  completed : 

K-1275.  Office  building. 

N~1276.  2  type  18  dormitories. 

K-1277.  1  type  14  quarters. 

57M8--08 7      , 


9h  MCPtWr  MTHJfUS  CAXAL.  COMXOBiaS. 

^  l^S^  WMifitat  w^HUm  idled. 

t*itfiHfnH,    ^>umti  mttnAumne  demolMMd  and  moTBtkn  of  Santo  Tomas 

Awm,    Tw«wty'lbr«e  old  FVem*  baUdinss  repaired  for  occupancy  a»  qnar- 
%*ffn,  uw^  \m\\^  arM]  tiiifffrftal,  and  following  ntf>w  boUdlnsa  completed: 

S  ?K  I'rJur^  want 

%  M.  4  iyim  17  goartemk 

S  ^M,  11  Milldlnipi  at  inaane  aaylnm. 

S  ^n»  1  true  18  dormitory. 

N  ^$2.  Ad/lltUm  Ui  boafiiUl  wards  9  and  10. 

N  ^};i,  OmtayloaiHilaeaae  ward. 

S  m,  P<>Mt'morti?m  and  disinfecting  building. 

S  W,  4  iyiHi  U  quarters. 

S  4n,  H  type  17  quarters. 

N  4iH,  2  Xy\Hi  10  quarters. 

N  m,  1  ty|H;  18  dormitory. 

N-71.  5  tyjie  8  quarters. 

N  7(i,  U<*Ml(Iem'e  for  bead  of  department  of  cItII  administration. 

N  74.  FumlKiitlou  bouse. 

N  7r>.  U4»Mld<*iiC'e  for  tbe  cblef  sanitary  officer. 

N  70.  1  fy|H*  18  dormitory. 

N  77.  I>!H|H»nHary. 

N  -78.  1  fyiH?  17  quarters. 

N  7J).  KUtor  plant. 

N  8<).  JJ  ty|H»  14  quarters. 

N  81.  Fln>  <U*i)artment  building. 

N  82.  4-r(X)ni  wboolhoufle. 

N  8.'!.  1  type  No.  25  quarters. 

N  -84.  Con  I  bouBO. 

N  80.  Hand  Htand. 

N  87.  I'oHt-offlce. 

N  88,  2  typo  14  quarters. 

N  8i>,  Vontnrl  meter  shod. 

N  m).  2  tyiH5  17  quarters. 

N  01.  ToU'phoru*  oxchanjce. 

N  U2.  2  lypi»  14  quart ors  (by  contract). 

N  4Ki.  1  tyiK*  14  quarters. 

N  t>4.  1  ty|K»  18  quarters  (by  contract). 

N  1)5.  l4ibororH'  waRbbouso. 
Tlio  11  bulldlutTH  nbovo  mentioned  erected  at  tbe  insane  asylum  consist  of  an 
ndnUnlHtnitlon  building;  a  central  kitcben;  a  dining  room;  2  ward  buildings 
ft»r  nH»n.  having  a  capacity  of  32  and  44  beds,  respectively;  2  ward  buildings 
fur  men,  having  a  eaimelty  of  20  bods  each,  witb  separate  dining  room,  nurses* 
nttleeH,  uiU'HeH'  tt^lletH,  clothes  and  linen  rooms;  one  women^s  ward,  witb  a 
capacity  «>f  10  be<lH,  Ht«|mrate  dining  room,  nurses*  office,  clothes  and  linen  room; 
two  1-1  roll  buildings  for  men  and  two  10-cell  buildings  for  women;  and 
attentiantH*  quarters. 

The  atintlnlHtratlon   building  at   Santa   Rosa,  originally  intended  for  tbe 
«t»Nt»nu»r'H  reshieiuHN  was  i»omplet«l  for  office  purposes  during  tbe  year.    Tbis 
hulhUntf  tv8t  $1NK7S4.S2. 
c't»nKNU,    New  buildings  >>n*re  wmpleted  as  follows: 

N  450,  Klrt*  deiuirtmont  building. 

N  4<12.  Uibon^rH*  ning^^  closet, 

N  l^W,  KmnlirtUlon  bouse. 

N  4(W.  YnnUuaster's  e^c\\ 

N  4T0,  tVrrwK  f* 

N  472.  i\i**l  box. 
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N-473.  Division  engineer's  office  building. 

N-474.  2  type  14  quarters. 

N-476.  1  type  17  quarters. 

N-477.  Hotel  help^s  quarters. 

N-480.  1  type  A  Jail. 

N-481.  1  type  21  quarters. 
Cocoli. — Several  tents  erected  and  screened. 

Miraflores. — ^Three  old  French  buildings  were  repaired  for  occupancy  as  quar- 
ters, jail,  and  sick  camp,  and  the  following  new  buildings  completed : 

N-1605.  Standard  laborers*  kitchen. 

N-1606.  European  mess  hall  and  kitchen. 

N-1607.  Storehouse  for  sanitary  department. 

N~1609.  LAlK)rers*  bath  house. 
Thirty  old  Froich  buildings  at  this  point  had  been  repaired  and  equipped  for 
occupancy  previous  to  the  fiscal  year  covered  by  this  report  These  buildings 
had  beoi  used  by  the  sanitary  department  in  the  care  of  insane  patients  until 
the  completion  of  the  new  asylum  at  Ancon.  V\x>n  the  decision  to  locate  two 
of  the  canal  locks,  at  the  Pacific  end,  at  Mirafiores,  instead  of  at  La  Boca,  these 
buildings  were  adapted  to  take  care  of  the  forces  transferred  to  Miraflores. 

Pedro  Miguel. — Nine  old  French  buildings  repaired  for  occuimncy  as  quarters 
and  nine  old  French  barracks  at  Pedro  Miguel  Junction  demolished ;  new  work 
was  completed  as  follows: 

N-1828.  5  type  14  quarters. 

N-1829.  Fumigation  house. 

N-1830.  Engine  house. 

N-1831.  1  type  18  dormitory. 

N-1832.  Shed. 

N-1833.  Powder  and  detonator  house. 

N-1834.  Storehouse  for  division  engineer. 

N-1836.  Commissary  help's  quarters. 

N-1836.  Machine  shop. 

N~1837.  Hospital  waiting  shed. 

N-1838.  3  type  14  quarters. 

N-1840.  Bath  house. 

N-1841.  Market. 

N-1842.  Unloading  platform  for  hotel. 
Paroita — Fifteen  old  French  buildings  repaired  for  occupancy  as  quarters, 
storehouse,  and  office,  and  shop  plant  for  mechanical  division  completed. 
Twelve  old  French  buildings  removed  on  account  of  slide  on  the  eastern  side  of 
the  canal,  and  the  construction  of  a  new  camp  to  take  the  place  of  these  old 
French  buildings  was  started  in  June,  1908.  New  work  was  completed  as 
follows : 

N-1731.  Erecting  shed. 

N-1732.  Boiler  and  blacksmith  shop. 

N-1733.  Carpenter  shop. 

N-1734.  Machine  shop. 

N-1736.  Storehouse  and  office  building. 

N-1738.  Laborers'  range  closet. 

N-1741.  Water-closet  and  lavatory. 

N-1743.  Belt  house. 

N-1744.  3  type  14  quarters. 

N-1745.  Retaining  wall  and  drain. 

N~1746.  Fumigation  house. 

N-1747.  1  type  18  dormitory. 

N-1740.  Ice  platform. 

N-1750.  Laborers'  sick  camp. 

N-1761.  1  type  17  quarters. 

N-1752.  2  type  14  quarters. 

N-1753.  1  type  18  dormitory. 

N-1754.  1  1-room  schoolbouse. 

N-17S5.  Powder  and  detonator  house. 

N-1756.  Sanitary  Inspector's  office. 

N-1757.  Lodge  and  assembly  hall. 

N-1758.  Band  stand. 

N-1769.  Oil  storehouse. 

N-17eO.  Coal  box. 

N-1761.  Market 

N-1762.  Venturi  meter  shed. 
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Cartagenois* — Two  old  French  buildings  repaired  for  quarters. 
Cucuraclta. — Five  old  French  buildings  repaired  for  quarters  and  new  build- 
ings constructed  as  follows : 

N-508.  Jail. 

N-609.  Pump  shed. 
Enterprise. — Two  old  French  buildings  repaired  for  quarters. 
Rio  Orande. — Following  new  buildings  completed: 

N-1932.  Commissary. 

N-1934.  Commissary  help's  quartera 

N-1935.  Yardmaster's  office. 

N-1936.  Laborers*  range  closet. 

N~1937.  2  single  flush  closets. 

Nr5593.  Engine  house. 

N-3594.  Oil  house. 

N-3597.  Office  and  storehouse. 

N-3598.  Sand  house. 

N-3599.  Storehouse. 
Culcbra. — Seven  old  French  buildings  repaired  for  quarters,  hospital  pur- 
poses, storehouse,  hotel,  etc.,  and  new  buildings  constructed  as  follows: 

N-609.  6  type  14  quarters. 

N-612.  Penitentiary  annex. 

N~616.  Administration  building  annex. 

N-618.  Post-office. 

N-621.  2  type  17  quarters. 

N-622.  1  type  22  quarters. 

N-623.  5  type  14  quarters. 

N-624.  Storehouse. 

N-625.  Transformer  station. 

N-626.  Fumigation  house  No.  2. 

N-627.  4  type  17  quarters. 

N-628.  2  type  17  quarters. 

N-629.  1  type  24  quarters. 

N-631.  Storehouse. 

N-632.  1  type  10  quarters. 

N-634.  Gallows. 

N-635.  Market  house. 

N-637.  1  type  10  quarters. 

N-638.  1  type  21  quarters. 

N-^9.  Motor-car  house. 

N-640.  Cabinetmakers'  shop. 

N-641.  1  type  10  quarters. 

N-642.  Commissary. 

N-643.  Hospital  waiting  shed. 

N-644.  Addition  to  vault,  administration  building. 

N-645.  Unloading  platform. 

N-646.  1  type  21  quarters. 
Lirio, — At  this  point  there  was  built: 

N-3008.  Powder  and  detonator  house. 
Cerro. — Buildings  were  completed  as  follows: 

N-3583.  2  powder  and  detonator  houses. 

N-3544.  2  laborers*  range  closets. 
Empire. — Twenty-two   old   French   buildings  repaired  for  quarters,  offices, 
storehouses,  etc.,  and  the  following  new  buildings  erected: 

N-1043.  Closet  for  white  men. 

N-1047.  Machine  shop. 

N-1048.  Transfer-table  pit. 

N-1049.  Boiler  shop. 

N -1050.  Blacksmith  shop. 

N-1051.  Erecting  shop. 

N-1052.  Car-repair  shop. 

N-1053.  Planing  mill. 

N-10r)4.  Schoolhouse. 

N-1055.  5  type  18  dormitories. 

N-1050.  1  laborers'  range  closet 

N-1061.  10  type  14  quarters. 

N-1066.  10  type  14  quarters,  ^ 


N-1067.  Lavatory  building. 
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N-1068.  Storehonse. 

N-1068.  1  type  10  quarters. 

N-1070.  1  type  10  quartera. 

N-1071.  Transformer  bouse. 

N-1074.  Sand  house. 

N~1075.  Fire  department  building. 

N-1077.  OU  storebouse. 

N~1078.  Commissary. 

N-1079.  2  type  14  quarters  (by  contract). 

N-IOSO.  1  type  20  quarters. 

N-1081.  Paint  sbop. 

N-1082.  Hospital  waiting  sbed. 

N-1083.  Oil  storehouse. 

^f-1084.  Colored  scboolbouse. 

N-1066.  Footbridge. 
Cunette. — ^Five  old  French  buildings  repaired  for  quarters,  and  new  buildings 
completed  as  follows : 

N-4022.  2  standard  laborers*  l>arracks. 

N-4025.  2  laborers'  tmth  houses. 
Casa  Blanca. — ^At  this  point  there  was  completed, 

N-^011.  Laborers'  bath  house. 
Las  Cascadas, — One  old  French  building  repaired  for  quarters  and  the  fol- 
lowing new  structures  completed: 

N-1513.  1  type  18  dormitory. 

N-1516.  Vault  for  disbursing  oflBce. 

N->1522.  Commissary. 

N~1523.  10  type  14  quarters. 

N-1524.  Fire  department  building. 

N-1625.  Car-repair  shed. 

N-1526.  Market  and  storehouse. 

N-1528.  Hotel  help's  quarters. 

N~1529.  Powder  and  detonator  house. 

N-1530.  CorraL 

N~1632.  1  2-room  scboolbouse. 

N-1533.  Band  stand. 

N-1534.  2  type  14  buildings. 

N-1535.  Watch  inspector's  house. 

N-1536.  Office  building. 

N-1537.  Hospital  waiting  shed. 

N-1639.  1  type  A  jaU. 
Buena  T^fofa.— Two  old  French  buildings  repaired  for  quarters. 
Haui  Obispo. — ^At  this  point  there  was  erected : 

N-8106.  Powder  and  detonator  house. 
Camp  EUiott, — ^At  this  point,  which  is  occupied  as  a  camp  by  the  United 
States  marine  battalion  stationed  on  the  Isthmus,  work  on  quarters,  corral, 
gymnasium,  storehouse,  etc.,  was  done  at  a  cost  of  $10,000,  which  was  defrayed 
from  the  funds  of  the  United  States  Marine  Corps. 

Bas  OlHspo, — Blight  old  French  buildings  repaired  for  quarters  aud  the  follow- 
ing new  work  completed: 

N-158.  Mess  hall. 

N-159.  1  standard  laborers'  barracks 

N-ie4.  1  type  18  dormitory. 

N-166.  Corral. 

N-ier.  1  type  17  quarters. 

N-168.  1  type  14  quarters. 

N~ie9.  Whirling  apparatus. 

N-170.  Ice  platform. 

N-171.  Powder  and  detonator  house. 

N-172.  1  1-room  scboolbouse. 

N-173.  Sand  house. 

N-174.  Storehouse. 

N-175.  Band  stand. 
Alhafuela, — ^At  this  point  there  was  constructed: 

N-^22.  Hydrographer's  kitchen. 
Oamlfoa, — ^The  following  new  building  was  constructed  at  this  point : 

N-dl84.  Yardmaster's  office. 
Chagres. — ^Three  old  French  buildings  repaired  for  quarters. 
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Santa  Cruz, — Fifteen  old  French  buildings  repaired  for  quarters,  mess  hall, 
storehouses,  etc.,  and  new  buildings  constructed  as  follows : 

N-4101.  Powder  shed. 

N-4102.  Washout  shed. 

N-4103.  Three  laborers*  range  closets. 
Maiachin, — Four  old  French  buildings  repaired  for  quarters,  at  this  point, 
and  new  work  completed  as  follows : 

N-1413.  Storehouse. 

N-1414.  Storage  shed. 

N-1415.  Powder  shed. 

N-1416.  Shop. 

N-1417.  Office. 
Bas  Maiachin, — ^Ten  old  French  buildings  repaired  for  quarters,  shops,  etc, 
and  following  new  work  completed : 

N-115.  Paint  shop. 

N-121.  Standard  laborers'  kitchen. 

N-123.  £2x tension  of  boiler  shop. 

N-126.  European  mess  hall  and  kitchen. 

N-126.  Two  standard  laborers'  barrack& 

N-127.  Two  range  closets. 

N-128.  Two  laborers'  washhouses. 

N-129.  Two  range  closets. 

N-130.  Oil-house  addition. 
Among  the  French  buildings  repaired  at  this  point  is  a  warehouse  60  by  250 
feet,  which  was  raised,  moved,  and  repaired  at  a  cost  of  $12,674.13.    It  is  now 
valued  at  $20,000,  and  compares  favorably  with  the  best  storehouses  on  the 
Isthmus. 
Gorgona, — New  buildings  have  been  completed  as  follows : 

N-1203.  Lodge  and  assembly  hall.  .        j 

N-1204.  1  type  18  dormitory.  '^ 

K-1207r  Closet  for  white  men  and  women. 

N-120S.  1  range  closet. 

N-1209.  10  type  14  quarters. 

N-1210.  3  type  18  dormitories. 

N-1211.  Post-offlce. 

N-1212.  Office  and  storeroom. 

N-1213.  Fumigation  house. 

N-1214.  3  type  18  dormitories. 

N-121 5.  3  tyi)e  14  quarters. 

N-12ia  Fire  station. 

N-1218.  Commissary  addition. 

N-1220.  1  type  14  quarters. 

N-1221.  1  tyi)e  17  quarters. 

N-1222.  1  tyi)e  21  quarters. 

N-1223.  Hospital  waiting  shed. 

N-1224.  Footbridge. 

N-1225.  Wagon  bridge. 

N-1226.  Pump  shed. 
CahaUo  Vic  jo, — Four  old  French  buildings  repaired  for  quarters. 
Coco  Lane, — Five  old  French  buildings  repaired  for  quarters  and  new  work 
completed,  as  follows: 

N-5100.  LalK>rers'  coolc  shed. 

N-5101.  Laborers'  washhouse. 
Cahnito  Mitlafo, — Nineteen  old  French  buildings  repaired  for  quarters,  mess 
hall,  etc.,  and  now  work  complete<l.  as  follows: 

N-1120.  Standard  laborers'  kitchen. 

N— tl21.  Powder  house. 

N— J122.  Laborers*  range  closet. 

N— 1123.  Ijilxirers'  washhouse. 

N-4124.  Washout  shed. 
gan  Pahlo. — Fourteen  old  French  buildings  repaired  for  quarters,  dispensary, 
sehoolhousse,  etc.,  and  new  work  ct>njpletetl  as  follows: 

N-33ra.  1  tyi>e  17  quarters, 

N-^i:C>2,  1  tyi^t*  o  quarters  (bachelor). 

N-3;<o3.  Blacksmith  shop. 

N-3o54.  Hotel  and  mess  halL 
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N--8365.  Standard  laboren^  kitchen. 

N-d356.  Laborers'  batb  house. 

K~3357.  Laborers'  range  closet. 

N-3358.  2  laborers'  washhouses. 

N-3850.  Washout  shed. 

N-d300.  Blacksmith  and  work  shop. 

N-^361.  Unloading  platform. 
Barhacoas, — One  building  repaired  for  occupancy  by  silyer  employees. 
TabemUla, — ^New  work  completed  as  follows : 

N-3027.  1  laborers*  range  cloaet 

N-d032.  Oar-repair  shed. 

N-3033.  1  type  14  quarters. 

N-9034.  Sick  camp  for  laborers. 

N-9035.  1  type  18  dormitory. 

N-3037.  Storehouse. 

N--3038.  Ice  platform. 

N-3030.  2  cinder  pits. 

N-3041.  Rain-gauge  fence. 

N--3042.  Water-distilling  shed. 

N-3043.  Fire-department  building. 

N-'3438.  1  type  18  dormitory. 

N-3461.  Oommissary  building. 

N-^62.  Power  shed. 

N^3463.  Oil  shed. 

N-^64.  Office. 

N-3465.  Water-closet 

N-^467.  Market 
Bohio, — Eighteen  old  French  buildings  repaired  for  quarters. 
Oatun, — Four  old  French  buildings  repaired  for  quarters  and  new  work  com- 
pleted as  follows: 

N-4037.  6  range  closets. 

N-4038.  Schoolhouse  for  white  children. 

N-i046.  Type  18  dormitory. 

N--4047.  6  type  14  quarters. 

N-4052.  1  laborers'  bath  house. 

N-4054.  1  standard  laborers'  barracks. 

N-4055.  1  type  6  quarters. 

N-4056.  Corral. 

N-4058.  Oallego  mess  hall  and  kitchen. 

N-4063.  Fire  department  building. 

N-4064.  Laborers'  closet  and  bath. 

N-4066.  Storehouse. 

N-4069.  Laundry  and  drying  room  for  laborers. 

N-4070.  Office. 

N-4071.  Laborers'  range  closet. 

N-4072.  2  type  14  quarters. 

N-4073.  Range  closet  for  men  and  women. 

N-4074.  1  type  20  quarters. 

N-4075.  1  type  20  quarters. 

N-4076.  Laborers'  washhouse. 

N-4079.  Laborers'  bath  house. 
Mindi, — ^At  this  rx)lnt  there  was  completed  during  the  year : 

N-4132.  Warehouse. 
Mount  Hope, — Eight  old  French  buildings  have  been  repaired  as  quarters, 
storehouses,  hospital  buildings,  etc.,  and  new  work  completed  as  follows : 

N-1704.  Filter  plant. 
Cristobal  Colon  and  Fox  Rivet. — Thirty  old  French  buildings  repaired  as 
quarters,  storehouses,  hospital  buildings,  etc.,  and  new  work  completed  as 
follows : 

N-269.  Rest  house  for  Salvation  Army. 

N-325.  2  laborers'  bath  houses. 

N-32e.  1  type  14  quarters. 

K--327.  Band  stand. 

N>d28.  Storehouse 

N-330.  7  type  14  quarters. 

N-^1.  Hotel  help's  quarters. 
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N-333.  Laundry  and  dry  room  for  laborers. 
N-334.  4  type  14  quarters. 
N-335.  Post-office. 
N-336.  Shed  over  sump  hole. 
N-337.  1  type  17  quarters. 
N-338.  Storage  shed. 
N-339.  1  type  18  dormitory. 
N-340.  Sewer  pumping  station. 
N-341.  Extension  dry-dock  shop. 
N-343.  1  type  14  quarters  (by  contract). 
N-344.  1  type  14  quarters. 
N-345.  Mareograph  house. 
N-246.  Garbage  house  for  hotel. 
Porto  Bella, — New  work  was  completed  at  this  point,  which  is  about  18  miles 
from  Cristobal,  as  follows: 

N-4080.  2  standard  laborers'  barracks. 
N-4081.  1  laborers'  kitchen. 
N-4082.  1  type  17  quarters. 
N-4083.  1  type  5  quarters. 
N--4084.  Dining-room  shed. 
N-4085.  2  standard  laborers'  barracks. 
•  N-4086.  1  type  18  dormitory. 
N-4088.  Office  building. 
N-4091.  2  standard  laborers'  barracks. 

Old  French  buildings  mentioned  as  having  been  repaired  in  the 
above  statement  of  work  have  not  before  been  used  by  the  Isthmian 
Canal  Commission,  but  have  remained  as  they  were  received  from  the 
old  French  Company,  the  repairs  referred  to  being  initial  repairs. 
Throughout  the  entire  division,  from  Taboga  to  Porto  Bello,  many 
old  French  buildings  have  received  initial  repairs  during  previous 
years  and  have  again  been  repaired  on  account  of  deterioration  or 
alterations  being  made,  and  also  many  American  buildings  have  been 
repaired  for  similar  reasons. 

The  cost  of  preparation  of  pay  rolls  for  this  division,  per  name, 
was  $0.33,  and  for  issuing  commissary  and  hotel  books,  i)er  name, 
$0.11.  These  figures  covered  an  average  pay  roll  containing  1,800 
names. 

PlumJAng  fixtures  installed^  fiscal  year  1901~S 


Clos- 
ets. 

Lava- 
tories. 

Sinks. 

Show- 
era. 

Uri- 
nals. 

Bath 
tabs. 

Laun- 
dry 
tubs, 
sets. 

Boil- 
ers. 

Sinks, 
cast- 
iron. 

Range 

clos- 

eto. 

pairs. 

266  new  installations 

Alterations  on  91  new  Isthmian 
Canal  Commission  buildings. . 

Alterations  on  95  French  buf  cl- 
ings  .........r 

930 
46 
77 
66 
11 

892 
68 
76 

K\ 
87 

689 

47 

94 

64 

3 

887 

25 

70 

62 

5 

79 
2 
3 
2 

42 

6 

10 

27 
5 
4 

29 

10 

8 

1 

124 
3 

92» 

New  plmnbinflT  installed  in  66 
French  bnllulnss ..........r.. 

S 

1 

Flnmbing  installed  In  6  tugs 
and  dredffefl . -. 



Total 

1»180 

1,128 

887 

1,049 

86 

58 

36 

48 

ISO         93 

New  Isthmian  Canal  Commission  buildings,  plumbing  installed 266 

Isthmian  Canal  Commission  buildings,  plumbing  altered 91 

French  buildings,  plumbing  altered 05 

French  buildings,  new  plumbing  installed 66 

Tugs  and  dredges,  plumbing  installed 6 

Total 624 

Total  number  of  repairs  made  on  Isthmian  Canal  Commission  buildings 3, 234 

Total  number  of  repairs  made  on  French  buildings 2,  632 
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Coit  of  standoard  artieUi  manufactured  at  the  JJrio  j>laning  miU  {including  labor  and 

malcrUu,  but  no  AorcftMire)— Continued. 

Blinds,  F: 
Single — 

1  foot  6  inches  by  5  feet $1. 09 

1  foot  9  inches  by  4  feet  4  inches 1. 06 

1  foot  9  inches  by  5  feet  4  inches 1. 09 

2  feet  by  4  feet 1. 46 

2  feet  by  5  feet 1.60 


2  feet  6  inches  by  4  feet  4  inches 2. 10 

3  feet  by  3  feet  4  inches 2. 03 

3  feet  by  3  feet  6  inches 1 .  40 

3  feet  by  5  feet 2.74 

3  feet  6  inches  by  4  feet  4  inches 2. 12 

3  feet  6  inches  by  5  feet  4  inches 2. 18 

DoozB.  D: 

Single,  2  feet  by  8  feet 4. 50 

Panel,  1}  inches  thick — 

2  feet  6  inches  by  7  feet 3 .  36 

2  feet  6  inches  by  8  feet 3 .  40 

2  feet  8  inches  by  7  feet 3. 35 

2  feet  8  inches  by  8  feet 3. 60 

3  feet  by  8  feet 4. 50 

DoQiB,  £: 

Slat,  If  inches  thick — 

2  feet  6  inches  by  7  feet 3. 00 

2  feet  6  inches  by  8  feet 2. 90 

2  feet  8  inches  by  7  feet 3.49 

2  feet  8  inches  by  8  feet 3. 55 

3  feet  by  8  feet 4.25 

DooiB.  I,  pair: 

Slat,  1|  inches  thick — 

3  feet  by  8  feet 5. 66 

3  feet  6  inches  by  8  feet 6. 02 

Screen,  single,  1^  inches  thick — 

2  feet  8  inches  by  7  feet 2. 59 

2  feet  8  inches  by  8  feet 2. 57 

3  feet  by  8  feet 2. 14 

W.  C.  No.  6,  single— 

2  feet  by  5  feet 1. 10 

2  feet  4  inches  by  5  feet 1. 10 

Sash,  L: 
Single— 

1  foot  3  inches  by  3  feet  6  inches 53 

1  foot  6  inches  by  3  feet  4  inches 90 

1  foot  6  inches  by  5  feet 1. 12 

1  foot  9  inches  by  4  feet  4  inches 1. 20 

1  foot  9  inches  by  5  feet  4  inches 1. 17 

2  feet  by  3  feet  6  inches 1. 00 

2  feet  by  4  feet 1. 21 

2  feet  by  5  feet 1. 30 


3  feet  by  3  feet  4  inches 1. 80 

3  feet  by  4  feet 2. 04 

3  feet  by  5  feet 2. 24 

3  feet  6  inches  by  4  feet  4  inches 2, 40 

3  feet  6  inches  by  6  feet  4  inches 2. 34 

Sash,  transom,  single: 

3  feet  by  2  feet  3  inches 1 .  04 

3  feet  6  inches  by  2  feet  3  inches 76 

Lattice,  screen,  single: 

1  foot  6  inches  by  8  feet 5. 00 

3  feet  by  8  feet 7. 46 

Molding,  {inch,  quarter  round M  linear  feet. .  5.00 
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Cost  of  standard  artides  manufactured  at  the  Lvrio  planing  miU  (including  labor  and 

material^  but  no  Aan/tMire)--€oiitinued. 

3i  inches M  linear  feet.. $20. 00 

4  inches •. do 20. 00 

4f  inches do 20.00 

5j  inches do 20.00 

Strips: 

J  inch  by  1  inch do 4.00 

1  inch  by  3  inches do 20.00 

J  inch  by  2  inches do 5. 00 

Door  Btoj)s: 

2-wire  mol(Ung do 11. 00 

2-wire  capping do 8. 00 

3-wire  molding do 16.00 

3-wire  capping do 10. 00 

Comparative  sUUement  of  expenditures  on  account  of  pay  rolls  for  fiscal  years  1906-7 

and  1907-8 f  divUion  of  building  construction. 


1906-7. 


Indirect  labor: 

Office,  superintendents,  etc. . . 

Sick  leave 

Transit  time 

Vacation  leave 

Holiday  pay 

Meritorious  sick  leave 

Band  practice 

Court  attendance 

Total  indirect  labor  changes 
Direct  labor 

Total  of  rolls 


1197,403.94 

7,427.27 

82,7«7.02 

26,813.93 

15,429.68 

1,366.18 

44.29 

11.62 


281,252.93 
2,278,990.22 


2,660,243.15 


1907>«. 


$190,226.94 

37,483.51 

1,571.37 

29,199.90 

31,904.63 

4,231.85 

48.93 

59.00 


294,726.13 
1,566,566.90 


1,861,293.03 


r^ 
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Statement  tf  buildings  repaired  and  coiutrucfarf,  demolithsdf  remaining ^  and  totals,  from 

July  1,  1907,  to  June  30,  1908, 


Town  or  nllroAd 
statloiL 


"::? 


FaloSeoo 

Naos 

FlamoDOO 

Calebn  Island. 

Faifan 

La  Boca 


Panama... 
La  Section. 
AncQn. .... 


LaaSabanaa. 
Corozal 


Bio  Oiande  Inferior . 

Batte  Cardenaa 

EdtuelO 

Mlraflofes 


Pedro  Miguel  Tank. 

Ecluae9 

Pedro  Miguel 


Porty-mile  Siding. 
Kilometer  68,600.. 

EcloseTandS 

EolnaeS 

Paraieo 


Cartagmoia. 

Ecluse? 

Cnearacba.. 
Enterpriae. . 
Rio  Orande. 


Oerro  Gennaln. 
Cerrolirio.... 
Culebra 


8 
0 
S 

a 


4 

24 

175 


1 
M 


7 

a 

13 
31 

31 
11 

61 


30 
3 
1 
7 

136 


2 

1 


36 


2 

8 

65 


31 


83 

7 

30 

32 


17 

40 

307 


lirio. 


34 


28 


10 


57 


16 


3 


15 


22 


25 
2 
5 


8 
40 
80 


27 


5 
2 


1 
2 


10 


6 
2 


3 


16 


7 

2 

13 


14 
11 


3 
1 
7 


8 
1 


2 


35 


1 

1 

85 


1 
23 


P4 

i 

m 

3 


a 
o 


0 

is 


66 


1 
13 


33 


10 


20 


67 


7 
1 


8 


29 


Class  otoonstroctlon. 


Sanitarium. 


Quarantine  station. 


1  office  building,  0  quar- 
ters, 1  hospitad  shed,  l 
mess  hail,  1  oommlssary, 
5  storehouses. 


39  quarters,  16  hospital 
buildings,  1  post-office,  1 
storehouse,  1  fumigation 
house,  1  filter  plant,  1 
flroKlopartment  build- 
ing, 1  schoolhouse,  1 
waahhouse,  1  meter 
shed,  1  talephone  ex- 
change, 1  band  stand. 

1  Jail  privy 

1  flre-department  building. 
6  quarters,  1  Jail,  1  cor- 
ral, 2  office  buUdlngs,  1 
fumigation  house,  1 
storehouse. 


2  quarters,  1  mess  hall,  1 
stor^ouse. 


10  quarters,   2   shops,   4 
storehouses,  1  market,  1 

Elatform,  1  fumigation 
ouse,  1  hospital  shed. 


0 
21 
27 


9 
ii5 


2 

io' 


41 


shop  buildings,  0  quar- 
ters, 1  vault,!  platform, 
1  fumigation  nouse,  1 
sick  camp,  1  schoolhouse, 
3  storehouses,  1  office,  1 
lodge  hall,  1  band  stand, 
1  market,  1  venturi  ma- 
ter shed. 


IJail,  1  pump  shed. 


3  shop  buildings,  2  store- 
houses, 1  oommlssary,  3 
quarters,  1  office. 


26  quarters,  1  office  build- 
ing, 2  storehouMs,  1 
transformer  station,  1 
fumigation  house,  1  gal- 
lows, 1  motorcar  house, 
1  shop,  1  conmilssarv,  1 
jail  annex,  l  hospital 
shed,  1  platform,  l  vault 
addition,  1  post-ofBoe,  1 
market. 

1  storehouse 


s 


8 


8 
10 
3 
2 
9 
3 
106 


3 
24 

238 


2 
67 


7 

2 

13 

86 

21 
11 

n 


20 
3 
1 
7 

158 


33 
7 
41 
25 
42 


17 

40 

243 


86 
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Statement  of  huiidmgs  repaired  and  oonstrwied,  demoluhed,  remaining,  and  totaU  fmn 

July  1,  J  907,  to  June  SO,  1908-C(mimued.  ^^^^^Jrom 


TownoriftUitMd 
■Ution. 


OaxTO... 
Bmpln. 


§ 

•n 


i 


m 


168 


21 
64 


OOMtUi 

IimCmomIu. 


6S 


as 
ss 


Biitna  Vlata. 
Hftut  OfaUpo, 

lUaOhtapo,. 


» 


6 


AIh«iQ(ik 

t>uw» 

Umi  DtOtoUji . 

Oio&Uw 

C^uicnw 


& 

M 
SS 
€S 
IS 

O 


S3 
SO 
43 


S 

15 

4 

10 


lUK«Mrt«r»   UJieo  to        11 

4i{«U 
KUtuiMitvr  1<<W      ...       V, 


1 

4 


2 
S 


5 
S 
h 


11 

11 


«>^-rA               .... 

&»:;-.  .-'a.-v-     .,    .. 

la^Ngrr    a  . 

JV         2! 


£a.  I~-,ir:j5» 


1« 


5 


0 
8 

4S 


3 

12  i 

9 


44 


s 

^4 

^ 

i: 

4 

... 

«  * 

4 

2S^ 

:4 

4 

« ■ 

::- 

Jv 

«  ^  «  « 

5 

:« 

> 

•  -  - 

fr 

^ 

. .  « 

^  ^   * 

5 

-  *  , 

^ 

♦ 

t> 

-  -K*    * 

J 

.     -        \S 

* 

:* 

•        «  ^  «  ih  K  ^ 

.4 

. 

. 

u 

i: 

:« 

it  

* 

*  « 

, 

♦ 

• 

I 


ClAn  ofoonstructiaii. 


g 


4 
£2 


4 

1 

27 


2  stOTChooseB,  2  qnuten . 

38  qoAitera,  7  shop  bnfld- 
IngB,  2  BchoolhooBes,  5 
■tonhouBes,  i  tnuB- 
tonner  station,  1  fiie- 
dtepartment  building,  1 
ocwninlsRary,  1  hospital 
waiting  shed,  1  foolr 
DndgB. 

4qtiarten 

1  qoartera 

IS  qoaiters,  1  vault,  1  ooin^' 
miMazT,  1  fli«Hiepaxt- 
ment  bafidixig,  1  shcm 
bolldiiig,  2  hoqiltal 
boadings,  1  stonhooae, 
1  corral,  1  achooDioiue,  1 
band  stand,  1  oflkse  i 
boQdtng,  1  )aU. 


4 
13 


2  Btorehooses,  1  oomd,  l 
gymnastmn. 

1  mem  hall,  4  onartera,  1  , 
oonal,  1  whining  appa-  ■ 
ratos,  1  platfonn,  3  ' 
storehouses,  i  sdioo^  i 
hoQse,  1  band  stand. 

1  kitchen.. __ 


IS         1     1  office. 

8   mill"" 

1  5     3  closets.  2  shop  bnQdiiMB~  I 

2  &      3  ^l«.>nshl>a«>s .  1  shrm  hnftd-'j 

uur.  1  o3J<v  huiirfiT^f         ' 
3&        13     3  shop  bin)d;pgs,  1  iwfpi  • 
httil.  2  wash  houses,  6  ' 
qu&rten.  1 S.  D.  kUtbm. 


^  c:»*-:»-K  :  )>i|pphalLl 
i*:--:-\  :!..'•-,  1  huLapstioi: 

'I  :*!  <bed.  1 


d. 


T»  •      W 


.T      -v^ 


OS    :irvo»%*art- 


O  r.t  !  .:  -  •;  *,„- 


«   «         ^ 


S!J 


u 


1 

ft  4L|P 


-::  V-    !  i: 


I 


30 
218 


67 

40 
124 


SO 
72 

75 


9 
5 

5 
35 

31 
64 

18 


II 

11 
107 


SS 

4 

9 

15 

14 

5 

S 

SD 

14 

38 
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Statement  of  huUdings  repaired  and  comtrueted,  demoU$hedf  remaining ,  and  totaU^  from 

Jufy  ly  1907,  to  June  SO,  19C».— €ontiiiued. 


Town  or  railroad 
station. 


Sin  La  Vole 
meter  29. 

Cfaagies 

Frijoles  .... 


da  KOo- 


9 

e 
o- 

I 


9 


Bohlo. 

New  Town 

I)eriTation4 

Sdnsei 

Derivation  3 

Fenaa  Blancas  Arriba. 
Penaa  Blanoaa  Q.  L. . . 

VanuM  Vamos 

Oaton 


lOndi  

Mocrnt  Hope 

Criatobal,  Colon  A  Fox 
River. 


Porto  BeOo. 


13 

3 

33 

47 
1 
5 

18 
3 
3 
7 
1 

97 


3 

24 

318 


Totals 2,919 


■ 

! 


9 

O 

1 

e 

A* 


I 


I 


I 


20 


18 


7 
129 


8 
30 


1,2S2  I    2S8 


97 


12 


33 
9 
1 
5 

18 
3 
3 
7 
1 


3 
4 

57 


341 


i 


3 

o 


I 


1 


a 


92 


5 
93 


971 


32 


1 

1 

30 


12 


2  ofBoe  boUdln^,  24  quar- 
ters, 1  storehouse.  1  cor- 
ral, 1  mess  hall.  1  flm-de- 
partment  building.  1 
schoolhoase,  1  laundry, 
and  dry  room. 

1  warehouse  

1  filter  plant. 

I  rest  house,  19  aoarters. 
1  band  stand,  1  school- 
house,  1  laondnr  and  dry 
room,  IposVoffloe,  Ishea, 
1  office  Duilding,  1  shop 
building.  1  storehouse, 
1  marigraph  house,  1 
garbage  house. 

II  quarters,  1  office  build- 
ing. 


t 

!  s 


Class  of  oonatniction.      ! 


a 

9 

•-» 

•9 

I 

a 
O 


12 
3 

33 

47 
1 
5 

18 
8 
3 
7 
1 
129 


4 

26 

339 


12 


491 


I  3,313 


Personnel. 


There  have  been  very  few  changes  during  the  year  in  the  personnel 
of  this  department,  which  remains  as  follows: 

Divimon  of  motive  power  and  machinery: 

Mr.  Creo.  D.  Brooke,  superintendent  of  motive  power  and  machinery. 

Mr.  £.  J.  Banta,  mechanical  engineer. 

Mr.  A.  L.  Robinson,  electrical  engineer. 

Mr.  E.  C.  CummingB,  master  mechanic,  Goi]gona  shops. 

Mr.  W.  O.  Johnson,  master  mechanic,  Empire  shops. 

Mr.  E.  G.  Harington,  master  mechanic,  Paraiso  shop. 
Division  of  municipal  engineering: 

Mr.  J.  G.  Holcombe,  division  engineer. 

Mr.  W.  M.  Acheson,  assistant  engineer,  Panama  residency. 

Mr.  0.  T.  Waring,  assistant  en^neer,  Empire  residency. 

Mr.  L.  G.  Thorn  J  assistant  engineer,  Gatun  residency. 

Mr.  0.  W.  Beattie,  assistant  engineer,  Cristobal  residency. 
Division  of  buildins  construction: 

Mr.  W.  M.  Belain^,  master  builder. 

Mr.  P.  O.  Wnght,  jr.,  architect. 

Mr.  8.  D.  Morsan.  superintendent  of  painting. 

Mr.  0.  L.  StocKleDeig,  superintendent  of  plumbing. 
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Division  of  building  construction — Continued. 

Mr.  W.  M.  Belding,  master  builder — Continned. 

Mr.  W.  C.  Dotson,  superintendent  of  masomy. 
Mr.  L.  M.  Lippeett,  superintendent,  carpentry  work,  Ancon  district. 
Mr.  J.  P.  Kyte,  superintendent,  caipentry  work,  Pedro  Mi^el  district. 
Mr.  J.  F.  Wickham,  superintendent,  carpentry  ivork,  Culebra  district. 
Mr.  H.  E.  Daly,  superintendent,  carpentry  work,  GrcM^^na  district. 
Mr.  W.  H.  Storm,  superintendent,  carpentry  wofk,  Cristobal  dis^ct. 

Very  respectfully, 

H.  H.  BoussEAU, 
OivU  EngiTieer,  V.  S.  Navy, 
Head  of  Department  of  Motive  Power  and  Hachiriery, 

Municipal  Engineering,  and  Building  Construction, 

Lieut.  Col.  Geo.  W.  Goethals, 

U.  S.  Army,  Corps  of  Engineers, 
Chairman  and  chief  Engineer, 

Isthmian  Candu  Commission,  Culebra,  Canal  Zone. 
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Apfkndiz  1. 

CHEMIGAL  AND  BACTEBIOLOOIGAL  BXPOBT  OK  WATXB  SUFPUSS  OP  THE 

CANAL  ZONX. 

By  James  O.  Mkadows,  Phytiologut. 

In  1906  a  deep  well  was  sunk  at  Mount  Hope,  but  the  water  obtained  from  this 
well  was  verv  hard,  so  that  its  use  was  not  practical.  The  drilling  of  more  wells  was 
discouTB^ged  by  this  trial  and  surface  supplies  were  depended  upon. 

The  rivers  of  the  Canal  Zone  are  very  turbid  during  the  wet  season  and,  as  their 
watcraheds  are  populated,  they  would  not  prove  a  feasible  supply  unless  they  were 
subjected  to  filtration.  A  lai^  portion  of  the  Canal  Zone  is  now  furnished  with  water 
from  4  reservoirs,  namelv,  Rio  Grande,  Camacho,  Carabali,  and  Brazos  Brook.  As 
these  four  supplies  are  oi  a  permanent  nature^  a  majority  of  the  work  has  been  con- 
fined to  them.  The  chemiod  and  bacteriological  work  performed  was  carried  out  in 
accordance  with  the  methods  laid  down  by  the  American  Public  Health  Association, 
Volume  XXX,  Part  II. 

All  four  watersheds  are  free  from  human  inhabitants,  so  that  the  danger  from  human 
pollution  is  very  small.  The  watersheds  aro  all  covered  with  a  dense  growth  of  vege- 
tation and  many  wild  animals  inhabit  the  area.  At  the  begining  of  the  work,  in 
November,  1907,  all  the  reservoirs  were  fuU  and  had  been  so  for  about  two  months. 

The  changes  which  take  place  in  the  water  supplies  during  a  year  may  be  said  to 
form  a  cycle,  starting  with  the  wet  season,  carrying  the  work  through  the  dry  season, 
and  then  into  the  ramy  period  again. 
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Tablb  2. — Table  »homng  haeteridl  content  and  quantity  <f  $ampU  in  whieh  B,  colt  is 

present. 


\ 


Bam- 
^e 
No. 

Date. 

Soixioe. 

Cable 
centime- 
ters ossd. 

PUte 
count. 

Bacteria 
per  CO- 

bicoentl- 
mcter. 

B.coU 

present 

In— 

B.coll 
not  pres- 
ent In-- 

7 

1907. 
Nov.  16 

..  .do.... 

...do 

Nov.  20 
Nov.  22 

...do.... 

...do.... 
Nov.  26 
Dec.     3 
Dee.    6 

...do.... 

. .  .do 

Dec.  10 
Dec.  13 

...do 

...do 

Dec.  17 
Dec.  20 

...do.... 

...do.... 

...do.... 

1908. 

Jan.     8 

...do 

...do 

Jan.     7 
...do — 

Jan.  10 

...do . 

...do.... 

Jan.  24 
...do... . 

Jan.  29 
...do.... 
...do. ... 
...do 

Feb.  13 
..  .do.... 

...do 

...do.... 

Feb.  28 
...do.... 

...do 

...do.... 

Mar.  12 
...do.... 
...do.... 
...do.... 

Mar.  24 

...do 

...do 

Mar.  26 

Apr.    8 

Apr.    9 

...do 

...do 

Apr.  21 

...do. ... 
Apr.  22 
May    6 

...do  — 
May    7 

...do 

May  20 

...do.... 

...do 

May  21 
June    3 

. .  .do .... 

. . .do . . . . 
June    4 
Jtme  17 

...do.... 

. .  .do .... 

.  ..do.. .. 

Rio  Grande  Reservoir 

ai 

.1 

.06 

.06 

.1 

.1 

.06 

.1 

.1 

.1 

.6 

.1 
.2 
.2 
.5 
.2 
.5 
.5 
.5 
.2 
.2 

.5 
.5 
.2 
.5 
.2 
.5 
.5 
.2 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
1.0 
.5 
.5 
5 
.5 

■i 

.5 

.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
10 
1.0 
1.0 
1.0 

.1 

.1 

.1 

.06 

.06 

.06 

.06 

.06 

.06 

.1 

.1 

.06 

.1 

.5 

.5 

.1 

.06 

.06 

96 

190 

676 

166 

180 

6 

1,126 

13 

130 

51 

50 

70 

110 

58 

70 

112 

210 

960 

22 

11 

270 

51 

48 

20 

460 

500 

260 

26 

06 

480 

1,060 

96 

190 

120 

98 

700 

240 

210 

245 

200 

18 

116 

87 

83 

560 

96 

63 

20 

13 

175 

30 

1,200 

80 

130 

120 

130 

360 

30O 

360 

180 

130 

140 

260 

18 

08 

420 

96 

18 

2? 

&W 

112 

50 

160 

210 

1,000 

230 

050 

1,900 

13,500 

3,300 

1,800 

60 

23,600 

130 

1,300 

500 

100 

700 

560 

300 

140 

560 

430 

1,900 

44 

56 

1,400 

100 

100 

100 

900 

2,500 

520 

50 

480 

960 

2,100 

190 

380 

240 

200 

1,400 

480 

420 

400 

200 

36 

230 

170 

64 

1,100 

190 

125 

40 

13 

175 

30 

1,200 

80 

130 

120 

130 

250 

300 

3,500 

1,800 

1,300 

2.800 

5,200 

360 

2,000 

8,500 

1,900 

180 

270 

7,000 

2,200 

100 

300 

2,100 

20,000 

4,400 

1.0 
1.0 
2.0 
2.0 
2.0 

8 

Camadio  RewTV"**".  - 

0 

Brazos  Brook  Reservoir 

10 

Goivona  Reservoir 

11 

Rlot>rande  Reservoir 

12 

2.0 

13 

Brasos  Brook  Reservoir 

.1 
2.0 

14 

Qocffona  Reservoir 

18 

do 

Rio  Grande  Reservoir 

1.0 

19 

1.0 

20 

1.0 

21 

Brazos  Brook  Reservoir 

LO 

22 

Goigona  Reservoir 

1.0 

23 

Rlol[}rande  Reservoir 

1.0 

24 

CfMnacho  Reser»oi'. ...  

1.0 

25 

Brazos  Brook  Reservoir 

1.0 

26 

Gorgona  Reservoir 

1.0 

27 

Riotirande  Reservoir 

LO 

28 

Cft-rnM^tin  RAfl^rvnlf 

1.0 

29 

Brazos  Brook  Reservoir 

1.0 

30 

Vint\l , 

1.0 

31 

Rio  Grande  Reservoir 

2.0 

32 

Camacho  Reservoir 

2.0 

33 

Brazos  Brook  Reservoir 

2.6' 
2.0 

84 

Qoigona  Reservoir 

35 

Gfttnndlln  Riv^^r .......  r .. . 

2.0 

36 

Rio  Grande  Reservoir 

2.0 

87 

Camacho  Reservoir 

2.0 

88 

Brazos  Brook  Reservoir 

2.0 

30 

Goigona  Reservoir 

2.0 

40 

Paraiffo  Springs 

2.0 

41 

Rio  Grande  Reservoir 

2.0 

42 

Rio  Grande  (laboratory  tap) 

Camacho  Reservoir 

ZO 

43 

2.0 

44 

Brazos  Brook  Reservoir 

2.0 

45 

Rio  GmTide  Rew-*Tnir  -  -  -.  , , . . , 

ZO 

46 

CaiTiArho  Re"ervn(r 

ZO 

47 

GorKona  Reservoir. 

ZO 

48 

Brazos  Brook  Reservoir 

ZO 

40 

Camacho  Reservoir 

10.0 

50 

Rio  Grande  Reservoir 

10.0 

51 

Goigona  Reservoir 

10.0 

52 

BnuBos  Brook  Reservoir 

10.0 

63 

Rio  Grande  Reservoir 

10.0 

64 

Camacho  Reservoir 

lao 

55 

Gotwon^  Rflipi»rvo|r,  -.,,,.., 

lao 

56 

Brazos  Brook  Reservoir 

10.0 

67 

Rio  Grande  Reservoir 

10.0 

58 

Camacho  Reservoir 

lao 

10.0 
10.0 
10.0 

50 

GoKona  Reservoir 

60 

Brazos  Brook  Reeervoir 

61 

...do 

62 

Rio  Grande  Reservoir 

lao 

68 

Camacho  Reservoir 

lao 

64 

Gonrona  Reservoir,-  .-..*-......... 

10.0 

65 

Rio  Grande  Reservoir 

lao 

66 

Camacho  Reservoir 

10.0 

67 

Goigona  Reeervoir 

10.0 

68 

Brazos  Brook  Reservoir 

Rio  (iruidn  Rpiwrvoir 

10.6 

10.0 

1.0 

10.0 

10.0 

10.0 

.5 

.5 

.5 

10.0 

10.0 

.1 

1.0 

10.0 

1.0 

.1 

.02 

lao 

60 

70 

Camacho  Reservoir 

71 

Goigona  Reservoir 

72 

Brazos  Brook  Reservoir 

74 

Rio  Grande  Reservoir 

75 

Camacho  Reservoir 

76 

GoKona  Reservoir 

77 

Brazos  Brook  Reservoir 

78 

Rio  Grande  Reservoir 

79 

Camacho  Reservoir 

80 

Goigona  Reservoir 

81 

Brazos  Brook  Reservoir 

82 

Rio  Grande  Reservoir 

88 

CAma<^hO  RAAnrvnlr. -..,..,..,' 

84 

Goigona  Reservoir  (surface) 

84a 

86 

Jane  18 

Brazos  Br^ok  ResArvoirT .....  r . . 
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Diinng  the  wet  seaBon  the  huge  amount  of  water  entering  the  reeenroin  dflutes  the 
water  already  present,  and  the  mineral  constituents  *are  lowered.  The  wateraheds 
being  covered  with  a  heavy  growth  of  vesetadon,  the  amount  of  material  carried  in 
suspension  is  not  great  and  the  turbidity  of  the  water  is  low. 

The  wash  from  the  wateraheds  carries  into  the  reservoixB  numv  fonus  of  germ  life, 
thus  making  the  bacterial  content  of  the  waters  comparatively  hien  during  this  period . 

The  oiganic  content  of  the  4  reservoirs  is  hij^,  varies  considerably  and  does  not 
appear  to  follow  the  same  changes  that  are  noticed  in  tiie  inoisanic  contents.  It  is 
lowest  at  the  close  of  the  wet  season,  increases  slightiy  during  the  drv  season,  due  to 
concentration  affected  by  evaporation,  and  shows  an  increase  at  tne  beginning  of 
the  wet  season  due  to  the  wash  from  the  unwashed  watenheds. 

At  the  beginning  of  the  rainy  season  the  nitrites  increase.  This  change  is  |irobably 
accounted  for  bv  the  nitritification  of  the  lower  nitrogen  compounds  in  ue  soil.  The 
nitrites  gradually  decrease,  and  would  tend  to  point  to  a  reducing  or  denitrif3nuig 
action  in  the  reservoirs. 

In  the  distillation  for  nitrogen  as  albuminoid  of  ammonia  8  tubes  of  50  c.  c.  each  are 
distilled  off,  and  usually  the  eighth  tube  contains  considerable  ammonia.  This  would 
tend  to  show  that  the  oiganic  matter  is  in  an  undecomposed  condition  and  is  of  a 
vegetable  rather  than  animal  origin. 

The  high  oiganic  content  of  the  waters  can  not  be  looked  upon  as  an  index  of  pollu- 
tion, because  one  is  safe  in  assuming  that  they  would  be  high  on  account  of  the  luxu- 
riant growth  of  vegetation  on  the  watersheds. 

The  temx>erature  of  the  waters  is  nearly  a  constant,  and  varies  but  slightly  from 
the  mean  atmospheric  temperature.  Because  of  this  constant  temperature  a  condition 
very  much  like  stagnation,  which  prevails  during  the  late  summer  and  winter  months 
in  reservoirs  in  temperate  countries,  occurs.  The  water  near  the  bottom  of  the  reser- 
voirs  has  an  offensive  odor  and  its  oiganic  and  inoiganic  content  is  usually  higgler 
than  the  water  taken  from  near  the  sumce. 

It  is  the  practice  now  to  draw  the  supply  from  as  near  the  surface  as  possible  and 
the  waste  from  the  bottom  gates.  This  practice  will  tend  to  keep  the  fredi  water 
from  going  over  the  spillway,  and  will  get  rid  of  a  Isj^  amount  of  water  which  has 
laid  in  a  quiescent  state  near  the  bottom  of  the  reservoir. 

As  soon  as  the  dry  season  starts  the  mineral  constituents  increase  and  continue  to 
increase  until  the  close  of  the  season.  This  increase  is  caused  by  the  concentration 
brought  about  by  evaporation.  During  the  season  very  littie  water  enters  the  reser- 
voirs and  the  amount  of  surface  wash  is  almost  nothing.  Sedimentation  takes  place 
rapidly  and  carries  down  to  the  lower  strata  man}r  bacteria  which  are  present  during 
the  wet  season.  The  germ  content  of  the  reservoirs  is  comparatively  low  during  the 
dry  season,  except  when  some  local  condition  arises  which  causes  an  increase  tor  a 
short  time.  The  concentration  of  inoiganic  constituents  continues  throughout  tiie 
dry  season  and  reaches  its  greatest  height  at  the  close  of  that  period.  When  the  wet 
season  starts  the  alkalinity  and  total  solids  begin  to  diminish  very  noticeably  because 
of  the  dilution  caused  by  the  entrance  of  fresh  water  and  the  decrease  continues  until 
the  water  runs  over  the  spillway.  It  is  thought  that  bv  wasting  through  the  bottom 
gates  ilie  mineral  content  of  the  waters  can  be  still  futtner  reduced. 

Rio  Grande  Reservoir. 

Capacity gallons..  4W, 670,000 

Area  of  watershed acres . .  2, 015 

Height  of  spillway  above  sea  level feet. .  238 

Rio  Grande  Reservoir  is  situated  on  the  Pacific  slope,  about  10  miles  northwest  of 
the  city  of  Panama,  and  has  been  in  service  for  three  years.  The  reservoir  supplies  the 
towns  of  Culebra,  Rio  Grande,  Paraiso,  Pedro  Miguel,  Miraflores,  La  Boca,  Ancon, 
and  Panama.  The  consumption  from  this  reservoir  is  about  two  and  one-half  million 
gallons  daily. 

Rio  Grande  and  Camacho  are  more  nearly  alike  than  either  of  the  other  two  reservoirs 
because  they  are  both  practically  on  a  continuation  of  the  same  watershed. 

Camacho  Reservoir. 

Capacity gallons..  296,000,000 

Area  of  watershed acres. .  592 

Height  of  spillway  above  sea  level feet. .  365 

Camacho  Reservoir  was  put  in  service  early  in  1907  and  is  situated  about  2  miles 
west  of  Empire.  The  reservoir  supplies  the  towns  of  Empire,  Las  Cascadas,  and  Bas 
Obispo. 
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CarahaK  or  Gorgona  Reservoir. 

Capacity gallonB..  80,000,000 

Aiea  of  waterahed acres. .  1, 652 

Hd^t  of  spillway  above  sea  level feet. .  75 

Cazabali  Reservoir  is  situated  about  I  mile  west  of  Gorgona  and  supplies  the  town 
of  Qofgona.    It  waa  put  in  service  in  the  spring  of  1906. 

Brazos  Brook  Reservoir, 

Capacity gallons..  641,000,000 

Area  of  waterdied acres. .  640 

Height  of  spillway  above  sea  level feet. .  48. 5 

BrazQB  Brook  Reservoir  ia  situated  about  2  miles  northwest  of  Mount  Hope  and  fur 
nishes  the  towns  of  Mount  Hope,  Cristobal ,  and  Colon  with  water.  It  was  put  in  service 
July  1,  1906.  The  dam  ana  spillway  at  Brazoe  Brook  Reservoir  was  raised  during 
the  past  year  in  order  to  secure  seveial  feet  additional  depth,  which  gave  the  reservoir 
an  added  capacity  of  about  215,000,000  gallons. 

Fn;rRATioN  plants. 

The  two  filtration  plants,  one  at  Mount  Hope  and  the  other  at  Ancon,  are  identical 
in  construction  and  consist  of  three  New  York  sectional  waah  horizontal  pressure  filters 
of  one-half  million  gallons  capacity  each.  Alimi  is  used  as  the  coagulent,  and  the 
treated  water  passes  to  the  filters.  The  time  interval  between  the  application  of  tho 
alum  and  its  entrance  into  the  filters  is  less  than  a  minute. 

Rio  Grande  water  being  free  from  human  pollution,  a  great  reduction  in  germ  con- 
tent ia  not  desired  in  filtering.  Enough  coagulent  is  used  to  arrest  the  suspended 
matter  on  the  sand  beds  and  remove  a  large  per  cent  of  the  color,  but  in  so  doin^  a 
bacterial  removal  is  also  secured  which  will  average  from  70  to  80  per  cent.  Dunng 
the  dry  season  from  three-quarters  to  one  grain  of  almn  per  gallon  is  required  to  fur- 
nish a  good  affluent.  When  the  wet  season  commences  the  raw  water  is  more  difficult 
to  handle  and  requxrea  nearly  twice  aa  much  alum.  This  is  due  to  the  fine  matter  in 
suspension,  both  of  organic  and  in<»ganic  nature.  During  the  dry  season  the  filters 
are  washed  once  a  day  and  during  the  wet  season  at  least  twice  a  day. 

The  Ancon  plant  suppliea  water  to  the  city  of  Panama  and  that  section  of  Ancon  on 
the  hieh-pressure  service. 

At  the  Mount  Hope  plant  the  influent  or  raw  water  is  supplied  to  the  filters  from  the 
Brazos  Brook  Reservoir  and  because  of  the  nature  of  thia  supply  the  operation  of  the 
filter  plant  has  not  been  very  succeflaful. 

Brazos  Brook  supply  is  high  in  susoended  matter,  organic,  as  shown  by  the  differ- 
ences in  samples  SS  and  88a,  Table  No.  1.  This  organic  matter  forms  a  gelatinous 
coating  on  the  top  of  the  sand  beds  when  it  has  been  treated  with  alum.  This  coating 
cuts  down  the  pressure  and  it  is  necessBiy  to  wash  the  filters  frequently.  To  secure 
a  srood  effluent  it  is  necessary  to  add  from  two  and  one-half  to  three  grains  of  alum  per 
gulon,  but  when  this  amount  of  coagulent  is  added  the  filters  have  to  be  washed  so 
often  that  they  are  out  of  service  nearly  a  third  of  each  day. 

Experimentally  it  has  been  found  that  this  water  can  be  cleared  if  the  alum-treated 
water  is  allowed  to  remain  in  storage  a  few  hours  before  introducing  it  into  the  filters. 

A  coagulation  baain  of  300,000  gallona  capacity  is  being  built  and  when  completed 
will  insure  a  storage  of  from  three  to  four  hours.  This  coagulation  basin  will  be  com- 
pleted in  a  few  months  and  a  eood  effluent  will  then  be  secured. 

The  cities  of  Panama  and  Colon.  Republic  of  Panama,  are  fumiahed  with  their 
water  supply  by  the  Isthmian  Canal  Commission,  and  to  keep  a  record  of  the  quality 
of  the  water  furnished  these  two  Panamatdan  cities,  bacteriological  samples  have 
been  token  from  different  taps  in  the  two  respective  cities  twice  during  the  month 
since  February  of  the  present  year. 
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Table  3. — Bacterial  contents  ofP 

anama  and  Colon  water  8u 

i,pplies. 

I 

Sam- 
No. 

Date. 

Source. 

Cubic 
centi- 
meters 
used. 

Plate 
count. 

Bacteria 
per  cubic 
centi- 
meter. 

B.coli 

present 

In- 

B.coli 

not 
present 

In— 

1 

1908. 

Feb.  12 
...do.... 
...do.... 

Feb.  13 
...do 

Feb.  24 
...do.... 
...do 

Feb.  28 
...do.... 

Mar.  12 
...do 

Mar.  20 

...do 

...do 

Mar.  25 
...do 

Mar.  28 
...do.... 
...do 

Apr.    6 
...do.... 
...do.... 

Apr.    8 
...do.... 

Apr.  22 
...do.... 

Apr.  29 
...do.... 
...do 

May    7 
...do.... 

May  16 
...do.... 
...do 

May  21 
...do 

May  25 

...do 

...do 

June    4 
...do.... 

Jiuie   0 
...do.... 
...do.... 

June  18 
...do.... 

June  22 

...do 

...do 

Panama  N**- 1 . . . ,     

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 
.5 
.5 
.5 
.5 
.5 
.5 
.5 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 
.1 

:i 

.5 
.5 
.05 

■f 

.2 

.2 

.1 

.1 

.5 

.5 

.5 

.1 

.1 

.5 

.5 

.5 

.05 

.05 

.1 

.1 

.1 

11 

40 

73 

120 

125 

190 

20O 

90 

.190 

60 

140 

122 

67 

73 

40 

166 

40 

27 

31 

11 

130 

110 

310 

1,200 

1,300 

260 

280 

170 

210 

140 

300 

350 

27 

5 

38 

70 

150 

95 

110 

125 

240 

210 

200 

250 

100 

190 

180 

60 

41 

95 

11 

40 

75 

120 

125 

190 

200- 

90 

190 

60 

280- 

240 

115 

145 

80 

330 

40 

27 

31 

11 

130 

110 

310 

1,200 

1,300 

2,600 

2,800 

340 

420 

280 

6,000 

7,000 

135 

25 

180 

700 

1,600 

190 

220 

250 

2,400 

2,100 

400 

500 

200 

3,800 

3,600 

600 

410 

950 

ILO 

2.0 

2 

Panama  No.  2 « . 

Panama  No-  3 

2.0 

3 

2.0 

4 

Colon  No.  1 

2.0 

6 

Colon  No.  2 

2.0 

6 

Panama  No.  1 

10.0 

7 

Panama  N"-  2 . . , . . 

lao 

8 

lao 

9 

Colon  No.  1 

lao 

10 

Colon  No.  2 

lao 

11 

Colon  No.  1 

lao 

12 

Colon  No.  2 

lao 

13 

Panama  N"-  "* . . , . 

10.0 

14 

Panama  No-  ? 

IOlO 

15 

10. 0 

16 

Colon  No.  1 

10.0 

17 

Colon  No.  2 

10.0 

18 

lao 

19 

Panama  NOr  2 

lao 

20 

Panama  No,  3 

la  0 

21 

Panama  No.  1 

LO 

22 

lao 

23 

PaPHinjt.  No.  a -  - 

10.  0 

24 

Colon  No.  1 

lao 

25 

Colon  No.  2 

lao 

26 

Colon  No,  1 

lao 

27 

Colon  No.  2 

10.0 

28 

lao 
lao 

29 

Panama  No.  2 ,  , 

30 

Panama  No.  3 

lao 

31 

Colon  No.  1 

lao 
lao 

32 

Colon  No.  2 

33 

Panama  No.  1 

iao 

34 

Panama  No.  2 



lao 

35 

PanaTpa  No-  3.  -  -  r  -  - 

■■■■■>.■.. 

lao 

36 

Colon  No.  1 

.5 
LO 

lao 

LO 
LO 

.1 

.5 
LO 
LO 
LO 
LO 
LO 

lao 
lao 
lao 

37 

Colon  No.  2 

38 

30 

Panama  No-  2, 

40 

Panama  No-  3, , , , 

:g 

Colon  No.  1 

Colon  No.  2 

43 

Panama  No.  1 

44 

Panama  No-  ? 

45 

Panama  No-  3 . 

46 

Colon  No.  1 

47 

Colon  No.  2 

48 

40 

Panama  NOr  2 

50 

Panama  No.  3, 

The  supply  furnished  Panama  Is  filtered  and  of  good  quality;  that  furnished  Colon  is  high  In  color 
and  bacterial  content  at  certain  times  but  these  objections  will  be  done  away  with  when  the  Mount 
Hope  filtration  plant  is  put  Into  operation. 

Table  4. — Mineral  analysis  of  water  supplies. 

[Parts  per  million.] 


8am- 
>le 
ro. 


§5 


2 
3 
4 

6 
6 


Date. 


1908. 
Feb.    6 

Feb.    4 
...do.... 
...do*. . . 
...do. ... 
...do 


Source. 


I 

00 


Rio  Grande  Reser- 
voir. 

Camacho  Reservoir. 

Oorgona  Reservoir. . 

Chagres  River 

OatundUo  River 

Brazos  Brook  Res- 
ervoir. 


I 


o 


31.1 

30.8 
«J9.  V 
28.7 
34.5 
13.5 


16.0 

22.0 
27.8 
16.3 
25.6 

lai 


L7 

L8 

1.1 

.8 

.8 

.4 


1. 


1.9 

1.6 
5.0 
2.7 
2.7 
3.9 


K 

O 

-9 

a 

1 

3 

• 

car  bo 
ide. 

• 

1 

• 

S 

M 
< 

Q 

3.5 

1 

s 

2 

3.5 

66.0 

2.0 

Traccu 

None. 

.3 

68.0 

3.5 

2.0 

Trace. 

None. 

None, 

88.0 

5.0 

3.0 

Trace 

None. 

None. 

60.0 

7.01  5.0 

Trace 

Trace. 

None. 

87.0 

6.01  5.0 

Trace. 

Trace. 

3.0 

32.0 

5.0 

3.0 

Trace. 

Trace, 

•d 

3 

o 


110 

129 
179 
116 
135 

84 
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Incnistants  were  determined  by  the  eoda  reagent  method,  and  more  twentieth 
normal  sulphuric  acid  was  requiiea  to  back  titrate  than  there  was  soda  reagent  added. 
The  excess  amount  of  acid  required  was  small,  and  the  results  would  indicate  a  small 
amount  of  alkaline  carbonates. 

Trouble  from  iJg»  growth  has  only  occurred  a  few  times  during  the  past  year. 
Gorgona  Reservoir  was  treated  twice  for  a  growth  of  anabena,  and  Brazos  Brook  iMser- 
voir  was  treated  once  for  microcvBtis. 

The  reservoir  water  being  fairiy  clear  and  of  a  favorable  temperature  for  the  growth 
of  microorganisms,  trouble  nom  this  source  can  be  expected  at  any  time.  The  water 
supplies  should  be  examined  at  frequent  intervals  to  prevent  trouble  from  al^ 
growth. 

Last  September  considerable  trouble  was  caused  by  (yiors  in  the  Rio  Grande  and 
Brazos  Brook  supplies,  and  the  odors  were  not  due  to  algse  erowth.  The  trouble  was 
due  to  the  decomposition  of  oiganic  matter  and  was  remedied  by  areating  the  sup- 
plies. The  Rio  Grande  supply  was  areated  by  running  an  air  line  to  the  oottom  of 
the  gatehouse  and  allowing  the  air  to  rise  through  the  colimin  of  water.  Some  air 
was  carried  into  the  main,  but  most  of  it  escaped  at  the  gatehouse.  A  decided  odor 
was  noticeable  at  the  gatehouse  when  the  air  supply  was  turned  on.  The  Brazos 
Brook  supply  was  areated  by  introducing  air  into  the  pump  suction  at  Motmt  Hope. 

No  epidemics  have  occurred  durinj^  the  past  year  that  have  been  caused  bv  polluted 
water,  and  the  sanitary  condition  of  the  supplies  examined  is  good.  The  high  germ 
content  of  the  reservoirs  at  certain  periods  is  not  caused  by  human  pollution,  and  the 
B.  colt  undoubtedly  owe  their  presence  to  the  fact  that  Uie  watersheds  are  inhabited 
by  wild  animals. 
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APPENDIX  D. 

KEPOKT  OF  XAJ.  CHSSTE&  HABDIHO,  C0SP8  OF  BHOIHSXKS,  TT.  B. 
ARMY,  A88ISTAHT  DIYISIOV  EVOIHZE&,  OV  FOXnTOATIOVS  OF 
OATCnr  LOCKS. 


Gatun,  Canal  Zoke^  July  2S^  1908. 

CoLomsLr!  In  compliance  with  instructionB  contained  in  your  letter 
of  the  3d  instant,  I  have  the  honor  to  submit  herewith  a  report  with 
seven  drawings  (rlates  55  to  61)  explaining  the  examinations  of  the 
materials  on  which  the  Gatun  Locks  are  tooe  founded,  and  also  the 
examinations  made  for  the  presence  of  water  below  the  foundations. 

MATERIALS  IN  THE  LOOK  FOUNDATIONS. 

Before  m^  connection  with  this  work,  Major  Sibert  had  directed 
that  the  borings  made  prior  to  May^  1907,  be  supplemented  by  addi- 
tional borings  made  witn  diamond  drills  and  extending  well  below  the 
bottom  of  me  lock  walls.  The  investigations  thus  ihstituted  have 
been  continued  throughout  the  past  fiscal  year  along  lines  directed 
from  time  to  time  by  Major  Sibert,  with  the  result  that  the  character 
of  materials  on  whicn  the  locks  are  to  be  built  is  as  thoroughly  known 
as  it  is  possible  to  know  it  imtil  the  excavation  has  exposed  the  entire 
foundation  bed  on  which  the  concrete  is  to  be  laid.  The  data  obtained 
have  been  carefuUy  recorded,  and  the  samples  of  materials  have  been 
preserved  and  so  marked  as  to  indicate  in  each  case  the  hole  and  the 
depth  below  the  surface  from  which  the  samples  were  taken.  From 
these  data  I  have  been  able  to  prepare  the  accompanying  drawing 
(Plate  55)  showing  not  only  the  character  of  the  material  on  which 
each  wall  is  to  rest,  but  also  the  material  underlying  the  walls  to 
depths  of  50  feet  or  more. 

The  excavation  in  the  upper  pair  of  locks  has,  at  the  present 
writing,  reached  a  depth  of  9  feet  aoove  sea  level  in  the  lower  portions, 
the  strata  marked  conglomerate''  and  '^soft  sandstone  havin^g 
been  cut  into  and  exposed.  Wherever  this  has  been  done,  the  indi- 
cations of  the  drill  records  have  been  amply  verified,  and  it  may  be 
confidently  expected  that  the  same  will  hold  true  throughout.  From 
the  nature  of  the  diamond  drill,  samples  of  hard  materials  are  as  a 
general  rule  brought  up  in  their  natural  condition,  and  an  examination 
of  the  samples  ^ves  an  accurate  idea  of  the  material  as  it  exists  in 
place.  In  certain  cases  of  the  conglomerate,  which  is  composed  of 
pebbles  or  other  hard  aggregates,  held  together  by  a  cementing 
material,  it  was  not  practicable  to  get  samples  in  this  way,  as  the 
pebbles  oecame  detacned  from  the  mass  by  the  twisting  motion  and 
d'  integrated  the  material  under  the  drill.  In  such  cases,  where  the 
C(  aglomerate  was  subsequently  exposed  by  the  steam  snovels,  the 
Qiaterial  in  place  was  found  to  be  a  conglomerate  rock  sufficiently 
hard  to  require  blasting  before  it  could  be  removed. 
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I  would  invite  especial  attention  to  the  layer  of  material  marked 
'^soft  sandstone''  on  the  drawing.     It  will  be  observed  that  this 
material  immediately  imderlies  me  conglomerate  throughout   the 
entire  length  of  the  locks  and  rises  sufficiently  near  the  surface  in  the 
upper  locks  to  form  the  foundations  of  the  walls  for  a  portion  of  theii* 
lengths.    The  first  indications  of  the  diamond  drills  led  to  the  i[>elief 
that  this  material  might  be  sand  without  any  cementing  elemeiLt. 
Although  sand  is  an  excellent  foimdation  matenal  when  confined,  the 
fact  that  this  stratujn  was  found  to  be  water  bearing  (which  will  be 
referred  to  later  in  this  report)  ^ave  rise  to  some  anxiety  lest  it  would 
be  necessary  to  remove  the  entu^  stratum  from  the  upper  locks  and 
found  the  walls  upon  the  stone  underneath.    To  investigate  the 
matter,  a  pit,  6  b v  8  feet  in  horizontal  dimensions,  was  dug  in  close 
proximity  to  the  lock  site,  extending  down  and  into  the  material  in 
question.    The  material  was  found  to  possess  sufficient  coherence  to 
be  difficult  to  remove  by  a  pick,  and:  blasting;  was  resorted  to,  to 
facilitate  the  excavation.^   Wnen  the  soft  san(&tone  was  exposed  in 
the  pit,  a  test  of  its  bearing  capacity  was  made.    An  actual  load  of 
530  pounds  per  square  inch,  applied  over  a  surface  of  6  inches  square, 
produced  a  total  settlement  of  0.029  foot.    Following  is  a  copy  of  my 
report  of  this  test,  addressed  to  Major  Sibert: 

Fbbruart  27, 1908. 

Referring  to  my  leport  of  the  17tili  instant,  conoeming  a  test  of  the  bearing  capacity 
of  the  soft  sandstone  in  test  pit  No.  7, 1  have  the  honor  to  inclose  herewith  a  supple- 
mentary report  showinj^  the  additional  settlement  after  the  platform  had  been  r^ul- 
justed  mto  a  level  position.  The  additional  settlement  recorded  from  10.45  a.  m.  on 
February  17  to  7  a.  m.  on  February  19  is  0.006  foot;  the  entire  settlement  from  the 
b^inning  of  the  test  on  February  14  being  0.029  foot. 

Immediately  after  the  reading  on  the  morning  of  the  19th  instant,  the  load  was 
removed  and  the  excavation  continued.  The  particular  part  of  the  bottom  of  the  pit 
on  which  the  test  load  rested  was  brought  outpractically  mtact  in  a  block  about  2  feet 
square  and  8  inches  deep,  and  is  now  in  this  office  available  for  inspection.  The  inden- 
tation of  the  plate  6  inches  square,  throu^  which  the  load  on  the  plate  was  transmit- 
ted, is  clearly  marked.  From  the  character  ol  the  material  at  the  bottom  of  this 
indentation  I  am  convinced  that  the  settlement  was  due  to  the  erosion  of  the  material 
by  the  water  which  percolated  through  it  constantly  during  the  test,  rather  than  the 
compression  of  the  material. 

The  result  of  this  test  justifies  the  statement  that  it  will  be  unnec- 
essary to  remove  the  soft  sandstone,  and  that  the  lock  waUs  may  be 
safely  founded  upon  it  if  proper  precautions  are  taken  to  prevent 
erosion.  When  the  lock  excavation  is  completed,  such  further  tests 
of  bearing  capacity  as  may  be  deemed  necessary  may  be  made  of  the 
foimdation  bed  itself. 

Under  the  soft  sandstone  the  material  changes  to  an  argillaceous 
stone  similar  to  the  stratiim  nearest  the  surface,  but  having  mixed 
with  it  in  varying  quantities  a  volcanic  material  designated  as  tufa. 
This  tufa  is  porous  and  light  in  weight,  and  when  unmixed  with  the 
heavier  stone  will  require  the  same  precautions  against  scour  as  will 
the  soft  sandstone.  The  mixture  becomes  denser  as  the  proportion 
of  tufa  is  less.  Owing  to  the  lack  of  uniformity  in  the  distribution 
of  tufa,  it  is  impossible  to  give  a  general  description  of  the  material 
underlying  the  soft  sandstone,  ana  a  tiiorough  understanding  of  the 
character  of  the  material  as  it  occurs  in  any  particular  drill  nole  can 
be  obtained  only  by  an  examination  of  the  samples.  Where  the 
holes  have  actually  penetrated  some  distance  into  the  material  in 
which  the  tufa  is  absent  altogether,  it  has  been  possible  to  draw  a 


BEPOBT  I8XHMIAK  CANAL  COMMISSION — APPENDIX  D.         123 

line  below  which  the  matmal  may  be  designated  as  argillaceous  sand- 
stone without  any  qualification.  ^  After  a  careful  study  of  the  sam- 
ples, I  would  descrioe  the  materials  involving  tufa  developed  in  cer- 
tain holes  as  follows  (the  elevations  noted  refer  to  sea  level) : 

Hole  No.  631:  Between  elevations  +25.7  and  —24.3  there  is  a 
varying  amount  of  tufa  mixed  with  aiKillaceous  sandstone.    Below 

—  24.3  the  material  becomes  a  typical  blue  argillaceous  sandstone. 
Hole  No.  632 :  From  4-  5.8  to  —  42  the  material  has  rather  less  tufa 

than  in  hole  631,  but  throughout  the  distance  between  +  5.8  and  —  42 
there  are  occasional  samples  of  material  in  which  the  tufa  largely 

{>redominates.    The  proportion  of  tufa  does  not  obey  any  regular 
aw  with  reference  to  aepth.    Below  elevation  —42  the  material 
changes  to  a  typical  blue  argillaceous  sandstone. 

Hole  No.  721:  Prom  -f4.4  to  —37  occiub  a  mixture  of  argillaceous 
sandstone  and  tufa,  with  argillaceous  sandstone  predominatmg  below 

—  23.     Below  —37  there  are  only  small  traces  of  tufa,  and  the  typ- 
ical blue  aigillaiceous  sandstone  is  reached  at  —  57.6. 

Hole  No.  634:  From  —34  to  —51  the  samples  all  show  some  tufa 
mixed  with  a  high  percentage  of  argillaceous  sandstone.  Below  —  51 
the  tufa  disappears  except  for  occasional  traces. 

Hole  No.  637:  From  —57  to  —89  occurs  a  mixtiure  of  tufa  and 
argillaceous  sandstone,  with  the  tufa  predominating  down  to  —77 
and  with  the  argillaceous  sandstone  predominating  without  much 
variation  to  —89.  Below  —89,  except  for  occasional  traces,  the 
tufa  disappears. 

Hole  No.  684:  From  —60  to  —88.5  there  is  practically  a  imiform 
run  of  a  mixture  of  tufa  and  argillaceous  sandstone,  with  the  tufa 
predominating.  Below  —88.5  the  tufa  continues  gradually  to 
diminish  in  quantity  until  the  argillaceous  sandstone  predominates 
at  about  —  93,  and  the  tufa  continues  to  diminish  to  —  98,  where  it 

Kractically  disappears,  and  no  soft  material  is  encountered  to  the 
ottom  of  the  hole  at  — 149.1. 

Hole  No.  722:  From  -1-9.7  to  -31.3  a  mixture  of  tufa  and  argil- 
laceous sandstone  occurs,  the  aigillaceous  sandstone  predominating. 
Below  this  elevation  no  tufa  occurs,  and  argillaceous  sandstone  con- 
tinues. 

Hole  No.  630:  From  +9  to  —6  there  is  a  varying  amount  of  tufa 
mixed  with  argillaceous  sandstone.  Below  —6  tne  material  becomes 
a  ^rpical  blue  argillaceous  sandstone. 

Hole  No.  629 :  Between  elevations  +  30.5  and  +  4  the  samples 
indicate  a  stratification  of  piue  tufa  and  arg:illaceous  sandstone 
alternating  with  each  other.  Between  elevations  +4  and  —10 
the  stratification  disappears  and  the  material  is  a  mixture  of  argil- 
laceous sandstone  ana  tufa,  with  the  argillaceous  sandstone  largely 
predominating.    Below  — 10  the  tufa  disappears. 

Hole  No.  358A:  From  elevation  —10  to  —15  the  material  is  a 
mixture  of  tufa  and  argillsiceous  sandstone,  the  tufa  beine  in  excess. 
From  —15  to  —40,  there  is  more  of  the  aigillaceous  sanostone,  and 
at  —  40  the  tufa  practicallv  disappears. 

Hole  No.  635:  From  elevation  —33  to  bottom  of  hole  at  —70 
the  material  is  quite  uniform,  being  a  mixture  of  ai^Uaceous  sand- 
stone and  tufa,  the  argillaceous  sandstone  being  in  large  proportion. 

Hole  No.  438A:  From  elevation  3  to  —15  the  material  is  nearly 
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all  argillaceous  sandstone,  with  occaaonal  samples  of  almost  pure 
tufa.    Below  — 15  there  are  only  occasional  traces  of  tufa. 

Hole  No.  627:  The  conditions  in  this  hole  are  the  same  as  in  hole 
No.  438A. 

Hole  No.  633:  From  elevation  —2.5  to  —19  the  material  is  a  uni- 
form mixture  of  tufa  and  argillaceous  sandstone,  the  sandstone 
being  in  excess.  Below  —19  the  quantity  of  tufa  gradually  dimin- 
ishes to  elevation  —31;  where  it  disappears  except  for  occasional 
traces  at  intervals  to  —50. 

Hole  No.  636 :  From  elevation  —  37 .  where  the  tufa  is  mixed  with 
arepSlaceous  sandstone  in  about  equal  proportions,  the  tufa  gradu- 
alfy  diminishes  to  the  bottom  of  the  hole  at  —70,  where  the  argilla- 
ceous sandstone  is  largely  in  excess. 

Hole  No.  583:  From  elevation  —40  to  —74  there  is  some  tufa 
mixed  in  small  proportions  with  argillaceous  sandstone.  Below  ele- 
vation —74  the  tufa  practically  disappears. 

Hole  No.  638:  From  elevation  —45  to  bottom  of  hole  at  —80 
there  is  a  uniform  mixture  of^  tufa  with  argillaceous  sandstone,  the 
ar^Uaceous  sandstone  predominating. 

Keferring  finally  to  Plate  55,  it  wfll  be  seen  that  the  materials  on 
which  the  walls  and  floors  of  the  three  pairs  of  locks  will  rest  are  as 
follows: 

The  lower  locks,  to  be  excavated  down  to  elevation  55.67  below 
sea  level,  will  be  founded  upon  argillaceous  sandstone,  a  dense  mate- 
rial which  has  been  exposed  generaUv  throughout  the  lock  site  bv 
excavations  thus  far  made.  The  middle  locks  will  rest  upon  BXgd" 
laceous  sandstone  in  part,  and  in  part  on  the  tmderlying  conglomerate, 
which  condomerate  nas  also  been  exposed  and  its  bearing  capacity 
tested.  The  upper  locks  will  rest  in  part  on  argillaceous  sanostone, 
in  part  on  conjgtomerate,  and  in  part  upon  a  stratum  of  soft  sand- 
stone. There  is  no  doubt  of  the  aoility  of  these  different  materials  to 
bear  the  ^eatest  load  that  will  be  transmitted  to  them  by  the  lock 
walls,  ana  the  locks  may  be  safely  founded  upon  them  if  means  are 
taken  to  exclude  the  underground  flow  of  water  from  the  softer 
materials  on  which  some  of  the  walls  will  rest. 

EXAMINATIONS  FOB  WATBB  UNDEB  FOUNDATIONS. 

During  the  progress  of  the  borings  it  developed  that  ground  water 
is  present  tmaer  considerable  pressure  in  some  of  the  conglomerate 
and  in  the  soft  sandstone  generally.  This  fact  led  to  a  systematic 
investigation  of  the  matter,  with  results  indicating  an  underground 
flow  of  water  through  the  soft  sandstone.  Dailv  readings  of  the 
height  of  water  were  taken  in  all  the  avfulable  drill  holes  in  the  lock 
site,  and  important  information  was  obtained  from  the  pit  referred 
to  in  the  first  part  of  this  report.  Plate  56  herewith  shows  the  loca- 
tion of  all  the  holes  that  give  information  of  interest  in  this  connec- 
tion. The  elevation,  in  feet  and  tenths,  above  sea  level  to  which  the 
water  rose  in  each  hole  is  marked  in  figures  on  the  map  in  each  case. 
It  should  be  explained  that  as  a  general  rule  no  appreciable  ground 
water  was  foimd  imtil  the  holes  pierced  the  conglomerate,  and  that 
full  pressure  was  not  developed  imtil  the  hole  reached  the  layer  of 
soft  sandstone.  The  elevations  of  the  water  given  therefore  measure 
the  water  pressure  existing  in  the  water-boarmg  material. 
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From  these  data  the  inference  may  be  fairly  drawn,  in  my  judg- 
ment, that  the  source  of  the  underground  flow  is  remote  from  and 
considerably  higher  than  the  ground  upon  which  the  lock  site  is 
situated.  1  would  also  infer  that  the  water  approaches  the  lock  site 
from  the  southeast  and  that  the  flow  under  the  lock  site  is  toward 
the  sea^  about  parallel  with  the  axis  of  the  locks.  Plate  57,  showing 
lines  drawn  through  points  of  equal  water  pressiue,  clearly  indicates 
this  probability. 

In  the  test  pit  ground  water  was  encountered  in  the  conglomerate 
at  elevation  7.5  above  sea  level  and  continued  to  come  in  freely 
through  the  sides  and  bottom  below  that  elevation  as  the  pit  was 
excavated.  Constant  pumping  was  necessary  to  keep  the  water 
down  in  the  pit,  and  an  average  of  41,530  gallons  per  twenty-four 
hours  was  removed.  The  effect  of  this  pumping  upon  the  elevation 
of  water  in  the  holes  throughout  the  lock  site  was  very  marked,  and 
may  be  readily  inferred  by  comparing  Plate  57,  which  shows  lines 
of  equal  water  pressure  j  ust  before  the  pumping  was  bc^un,  with  Plates 
58,  59,  and  60,  showing  similar  lines  at  dinerent  dates  thereafter. 
The  pumping  was  stopj^  on  March  13,  1908,  and  three  days  there- 
after the  water  had  risen  to  level  +  16.6  in  the  pit  and  to  the  ele- 
vations shown  on  Plate  61  in  the  various  drill  holes.  The  volimie 
of  flow  under  the  lock  site  is  therefore  small  enough  tmder  present 
conditions  to  have  been  appreciaUy  diverted  by  me  drainage  into 
a  sump  6  by  8  feet  in  horizontid  dimensions. 
Very  respectfully, 

Chester  HasdinOj 
AssietarU  Division  Engineer. 

lieut.  Col.  Geo.  W.  Qoethals,  U.  S.  Army, 

(Airman  and  Chief  Engineer,  OulebrUf  Canal  Zone. 
(Through  Maj.  Wm.  L.  Sibert,  U.  S.  Army,  division  engineer.) 
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Gatuk,  Canal  Zone,  August  29, 1908. 

Colonel:  I  have  the  honor  to  transmit  herewith  a  report  on  the 
materials  and  foundations  for  the  proposed  dam  at  Oatim. 

The  investigations  at  Oatun  were  bejgun  about  December  1,  1907, 
and  their  sequence  and  character  are  given  below. 

The  first  work  undertaken  was  for  the  purpose  of  locating  a  suf- 
ficient quantity  of  material  suitable  for  a  dam  which  was  to  be  built 
by  the  sluicing  process.  Material  which  seemed  to  be  suitable  for 
tnis  work  has  oeen  located  down  the  Chagres  River  valley  north  of 
the  proposed  dam,  and  also  to  the  south  of  the  dam  in  the  Gatim- 
cillo  River  valley.  Besides  the  above,  the  records  of  previous  pre- 
liminary borings  indicate  a  quantity  of  material  that  may  be  suit- 
able in  the  vaUey  of  the  Chagres  also  south  of  the  dam.  All  these 
areas  are  within  1}  miles  of  the  dam  in  locations  suitable  for  hydraulic 
dredging.  The  total  quantity  available  is  apparently  not  less  than 
20.000,000  cubic  yards,  basea  on  excavation  not  lower  than  50  feet 
below  sea  level.  If  it  should  appear  that  sufficient  material  is  not 
available  in  these  localities,  an  additional  amount  could  be  obtained 
from  the  excavation  in  Limon  Bay. 

The  next  work  undertaken  was  the  investigation  of  foundations  for 
the  dam  and  spillway.  Much  work  on  these  Enes  had  previously  been 
done,  and  at  nrst  it  was  intended  merely  to  verify  ana  interpret  that 
whicn  had  gone  before.  As  the  work  advanced,  however,  some  new 
questions  arose,  and  by  order  of  the  chief  engineer  careful  and  system- 
atic investigations  of  the  valley  and  its  rock  bottom  were  undertaken. 
It  was  especially  directed  that  careful  search  should  be  made  to  show 
whether  there  were  any  permeable  connections  through  the  alluvial 
deposits  in  the  comparatively  narrow*  gorges  across  which  the  dam 
will  be  built  between  the  extensive  swamp  areas  to  the  north  and 
the  broad  flate  of  the  Gatuncillo  and  Chagres  to  the  south.  Besides 
this,  it  was  directed  that  the  alluvial  deposits  in  the  gorges  and  the 
rocks  imderlying  them  and  outcropping  in  the  hills  snomd  be  care- 
fully studied  to  determine  their  ability  to  support  the  proposed  struc- 
ture and  to  resist  the  flow  of  water  through  them.  The  conclusions 
arrived  at  on  these  matters  are: 

1.  The  rocks  themselves,  even  those  portions  which  are  soft  and 
readily  yield  to  excavation  methods,  are  of  sufficient  strength  to  sup- 
port any  loads  that  may  come  on  them  in  the  proposed  construction. 

2.  Some  of  the  rocks  are  of  open  texture  and  permit  the  flow  of 
water,  the  readiness  with  which  tnis  flow  is  allowed  depending  mostly 
on  the  condition  of  the  rock  and  its  resistance  to  the  disintegrating 
action  of  surface  conditions. 

The  principal  water-bearing  medium  seems  to  be  the  joints  and 
seams  which  cut  through  the  various  strata  and  allow  the  passage  of 
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large  quantities  of  water.  The  occurrence  of  water-bearing  joint 
planes  in  great  part,  and  to  a  lesser  degree  the  presence  of  a  layer  of 
disintegrated  conglomerate  of  coarse  sandstone  at  the  southerly 
entrance  of  the  spillwa;^,  will  undoubtedly  require  the  construction  of 
a  masonry  cut-on  wall  in  the  hill  at  this  point.  This  work,  however, 
presents  no  serious  difficulty  and  only  such  engineering  construction 
as  is  ordinarily  encountered  in  dam  building.  The  excavation  for 
this  wall  will  be  in  comparatively  compact  rock,  which  will  excavate 
easily  but  will  not  require  compucatea  bracing,  if  any  at  all  is  neces- 
sarv.  A  comparatively  impervious  layer  for  tne  footing  of  the  wall 
will  be  found  at  no  excessive  depth. 

The  alluvial  deposits  in  the  gorges  of  the  Chagres  River,  across 
which  the  dam  will  be  built,  are  composed  almost  wholly  or  a  very 
fine  sand  with  a  large  proportion  of  clay  from  the  surface  down  for  a 
considerable  distance,  the  maximum  depth  at  one  point  being  about 
80  feet.  Underlying  this  for  a  distance  of  100  feet  or  more  is  a  thick 
deposit  of  blue  clay  containing  little  sand  and  some  shells.  Beneath 
this,  and  directly  overlying  the  rock,  is  a  deposit  varying  in  thick- 
ness up  to  20  feet,  and  containing  small  bowlders  and  angiuar  gravels 
and  sands  thorou^hlv  consolidated  and  cemented  together  with  finely 
divided  clays  and  sifts.  This  breccia  resembles  somewhat  the  ''hard 
pan,"  a  "glacial  till"  of  the  northern  coimtries.  It  is  apparently  the 
product  of  the  decomposition  of  the  immediate  rock  surface.  Of  itself 
it  is  waterproof  and  nonwaterbearing,  having  been  made  so  by  the 
leaching  and  filling  from  the  overlying  deposits.  When  exposed  to 
any  powerful  washing  action,  however,  the  material  breaks  down,  the 
clay  is  dissolved  and  washed  out.  and  the  resulting  sample  has  all  the 
characteristics  of  a  coarse  travel  or  sand  that  might  be  freely  water 
bearing.  That  this  is  not  the  case  is  shown  by  numerous  borings  and 
samples.  The  artesian  flows  encountered  in  this  material  are  proba- 
bly local  in  their  occurrence  and  due  to  the  action  of  water  which  takes 
it^  pressure  from  the  near-by  hills.  This  water,  however,  is  shut  in  by 
the  impervious  conditions  of  the  material  as  a  whole,  and  thus  pent 
up  it  indicates  a  greater  head  than  would  be  the  case  ii  it  had  free  dis- 
charge. 

3.  The  borings  and  excavation  show  no  continuous  layer  of  loose 
sand  or  gravel.  No  deposit  has  been  encountered  that  appears  suffi- 
ciently extensive  and  permeable  to  endanger  the  proposea  structure 
when  it  is  performing  tne  functions  for  which  it  is  desijgned. 

Although  this  is  the  case,  on  account  of  the  composition  of  the  upper 
layer  and  the  fact  that  it  does  allow  some  water  to  pass  tlwrough  it  even 
at  a  very  slow  rate,  it  probably  will  be  deemed  advisable  to  drive  a 
cut-off  wall  of  sheet-piling  through  this  material  and  across  the  valley. 
This  will  afford  additional  resistance  and  effectively  prevent  percola- 
tion. The  above-ground  conditions  of  construction  can  be  watched 
and  precautions  taken.  The  underground  conditions  of  foundation 
are  determined  only  by  deduction,  and  it  is  therefore  the  part  of 
wisdom  to  err,  if  at  all,  on  the  side  of  conservatism. 

The  experiments  with  a  model  dam  have  demonstrated  the  feasi- 
bility of  construction  by  pumping  methods. 

Tne  materials  selected  and  taken  from  the  locality  previously 
determined  upon  have  demonstrated  their  suitability  to  make  a  stable 
and  satisfactory  structure. 
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The  packing  and  consolidation  of  the  materials  as  laid  down  by  the 
hydraulic  process  present  so  impermeable  a  structure  that  the  result- 
a.ixt  leakage  can  be  considered  negligible.  The  maximum  rate  under 
conditions  that  probably  never  can  obtain  in  the  actual  dam  was  less 
tHan  one-half  gul  per  minute  per  horizontal  linear  foot  of  dam.  If 
tlie  proposed  Jam  were  similarly  impervious  and  subject  to  similar 
conditions,  the  seepage  per  linear  foot  would  be  about  two  quarts  in 
tliree  minutes  in  the  maximum  section. 

The  results  thus  far  obtained  are  from  a  type  of  dam  laid  down  by 
the  hydraulic  process  and  allowing  the  material  deposited  at  the 
downstream  slope  to  grade  itself  from  coarse  to  fine  on  the  water 
slope.  In  this  form  of  construction  practical  conditions  forbid  the 
retention  of  the  finer  particles  which  tend  to  make  the  embankment 
the  more  impervious.  On  this  account  it  is  felt  that  the  method 
usually  employed  in  hydraulic-dam  construction,  i.  e.,  depositing  the 
matenals  on  both  faces  and  allowing  them  to  flow  toward  the  center 
of  the  dam,  will  be  the  most  feasible  in  this  case.  This  method  will 
present  a  more  stable  upstream  slope;  it  will  be  cheaper  to  build,  as 
iimch  more  of  the  material  pumped  can  be  saved :  and  it  will  offer  a 
much  denser  stop  for  the  water,  and  thus  undouptedly  reduce  even 
the  small  amount  of  percolation  that  was  obtained  by  the  other 
method  in  the  experimental  dam. 

The  results  of  the  investigations  and  experiments  undertaken  at 
Gatun  show : 

1.  That  suitable  material  is  available  and  near  at  hand  for  the 
construction  of  the  Gattm  dam  by  hydraulic  process. 

2.  That  the  foundations  are  suitable  for  such  a  structure  as  the 
proposed  Gutun  dam  if  they  are  properly  treated. 

3.  That  it  is  practically  possible  to  construct  a  stable  and  water- 
tight earth  dam  at  Gatun  oi  the  materials  available. 

4.  That  the  hydraulic  method  of  construction,  as  proposed  for  this 
work,  is  feasible  if  proper  conditions  are  observed. 

The  foregoing  conclusions  are  based  on  data  which  are  sot  forth  in 
detail  in  wnat  Follows,  and  in  the  preparation  of  the  report  acknowl- 
edgment is  due  to  the  United  States  Geological  Survey  for  ouota- 
tions,  tables,  and  diagrams  taken  from  the  publications  oi  that 
department;  to  the  Geolc^cal  Survey  of  New  Jersey  for  similar  mat- 
ter; to  the  United  States  Department  of  Agriculture  for  soil  analyses; 
and  to  the  Engineering  News  and  Engineering  Record. 

MATEBIALS   FOR  DAM   CONSTRUCTION. 

In  searching  for  materials  for  hydraulic-dam  construction  the 
principal  features  considered  were : 

(a)  Suitability  of  the  material,  both  for  hydraulic  dredging  and 
stability  in  the  dam  when  deposited.  For  this  purpose  a  sandy  clay 
was  sought  which  should  have  a  sufficient  percentage  of  sand  to 
drain  and  compact  readily  and  yet  as  much  clay  as  possible  to  make 
for  impermeability. 

(jb)  Proximity  of  the  material  to  the  sit^  of  the  proposed  dam. 

(c)  Quantity  of  material  available  for  the  purposes  or  dam  building. 

Explorations  and  investigations  established  the  fact  that  there  were 
no  local  deposits  at  proper  elevati<m  or  of  sufficient  extent  to  consider 
sluicing  the  material  into  the  embankment.     HydrauUc  dredging  ( f 
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the  materials  therefore  seemed  to  be  the  only  feasible  method  of  con- 
struction. Suitable  and  available  materials  were  found  in  two 
localities — south  of  the  proposed  dam  in  the  Gatuncillo  Valley,  and 
north  of  the  dam  near  the  junction  of  the  West  Diversion  and  the 
Chafes  River.  Besides  these,  two  other  deposits  can  undoubtedly 
furnish  material — south  of  the  dam  in  the  Chagres  VaUey  toward  the 
Trinidad  mouth,  and  from  the  dred^ng  in  Limon  Bay  near  the  mouth 
of  the  Mindi  River.  The  first  two  of  these  deposits  have  been  explored 
by  wash-boring  methods;  the  location  of  the  bore  holes  is  shown  on 
Plate  86  (1  -.10,000  topoCTaphical  map  of  Gatun  and  vicinity)  and  the 
record  of  the  holes  on  Plates  87  and  88. 

As  the  materials  from  down  the  Chagres  are  similar  in  structure 
to  those  in  the  Gatuncillo  River  Valley  out  of  much  greater  extent, 
the  description  of  the  latter  is  given  in  detail.  It  is  expectexl,  how- 
ever, that  the  relative  properties  in  the  materials  south  of  the  dam, 
both  in  the  Gatuncillo  and  Chagres,  do  not  differ  appreciably  from 
those  given  below.  The  matenal  from  Limon  Bay  approximates 
the  "medium  sand"  of  the  analyses,  but  contain  a  somewhat  larger 
percentage  of  clay.  While  this  material  is  the  farthest  away,  it  may 
seem  advisable  to  use  it  in  connection  with  the  "brown  and  dark 
clay''  deposits.  These  deposits  are  of  much  greater  extent  than 
here  listed,  but,  because  of  their  smaller  percentage  of  sand,  were 
not  explored  to  greater  distances  from  the  dam.  Although  the 
Limon  Bay  deposits  are  comparatively  some  distance  away  (3  or  4 
miles),  yet  there  is  the  advantage  that  their  transportation  would 
increase  the  cost  very  little  on  account  of  the  necessity  now  of  trans- 
porting them  to  sea.  This  isource,  however,  has  l)een  very  little 
mvestigated,  because  it  was  felt  that  suitable  materials  were  nearer 
at  W.  Table  1  (below)  shows  the  approximate  quantities  avail- 
able: 

Table  1. 

Cabic  yards. 

1.  Deposits  in  Chagres  River  Valley,  north 25,000,000 

2.  Deposits  in  Gatuncillo  River  Valley,  south 5, 000, 000 

3.  Deposits  in  Chagres  River  Valley,  south  (say) 3,000,000 

33, 000, 000 

Based  on  the  indications  of  the  amount  of  material  pumped  and 
saved  in  experimental  dams  (say,  60  per  cent),  there  results  from 
these  sources  an  available  amount  of  material  for  dam  construction 
of  about  20,000,000  cubic  yards.  If  this  amount  should  prove 
insufficient,  there  remains  tne  Limon  Bay  deposits  of  sand  which 
can  advantageously  be  mixed  with  the  brown  and  dark  clay  deposits 
in  the  vicinity  of  tne  dam  which  are  not  listed  in  this  report.  Down 
the  Chagres  these  materials  are  located  on  both  sides  of  the  river, 
and  extend  from  one-half  mile  to  IJ  miles  north  of  the  dam  site. 
The  surface  is  level,  and  has  an  approximate  elevation  of  plus  10. 
In  estimating  the  quantities  available,  50  feet  was  used  as  tne  limit 
of  the  depth  from  which  the  materials  could  be  pumped. 

Four  or  five  samples  of  each  material  were  analyzed,  and  the 
average  effective  size,  uniformity  coefficient,  and  per  cent  of  clay 
and  silt  determined.  By  Hazen's  formula,  the  approximate  per- 
meabUity  of  each  may  be  ascertained.  The  analyses  were  made 
from  wash  samples,  and  therefore  yn\\  approximate  the  condition  of 
the  materials  after  being  deposited  in  the  dam. 
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The  lai^er  percentage  of  the  materials  classified  as  ^^ brown  clay*' 
and  "dark  clay"  is  clay  and  silt,  but  they  contain  enough  sand  so 
that,  while  very  soft  wnen  deposited,  they  would  probamy  become 
very  compact  if  properly  drained,  and  the  stability  and  emciency  of 
the  dam  would  not  prooably  be  impaired  if  it  were  necessary  to  use 
them,  even  in  their  natural  condition. 

The  results  of  the  analyses  and  the  amounts  of  the  various  mate- 
rials available  follow  in  Table  2 : 

Table  2. 


Material. 


Brown  cloy 

Dark  clay 

Blue  sandy  clay . . 
Brown  sandy  clay 
Medium  sand 

Total 


Available. 


Cubkvards. 

4,000,000 

10,200,000 

5,900,000 

4,420,000 

480,000 


25,000,000 


Average 
effective 

Average 
unilbmiity 

sise. 

ooefiicient. 

a  0103 

4.97 

.011 

7.25 

.015 

&0 

.022 

6.7 

.300 

2.6 

Average 
clay  and 
^  silt. 


PereaU. 

fjfOm  on 
56.7 
55.9 
29.4 
4.0 


On  Plate  86  (large  map)  is  shown  the  location  of  the  sand  de- 
posits: (1)  DepositsontheChagres  River  north  of  dam;  (2)  deposits  on 
V  the  Gatuncillo  south  of  dam;  (3)  supposed  deposits  on  Chacres  River 
south  of  dam;  (4)  Limon  Bay  deposits,  not  shown  on  map,  out  avail- 
able by  pumping  or  transportation  in  barges  up  the  French  Canal. 

In  order  tnat  the  stabiCty  of  the  dam  mav  not  be  endangered  by 
the  excavation  northerly  for  the  purpose  of  obtaining  construction 
material,  it  should  not  come  nearer  the  extreme  downstream  toe  than 
1,500  or  2,000  feet.  If  a  ^adual  inclined  slope  is  given  to  this  exca- 
vation, then  will  the  condition  be  somewhat  similar  to  a  berm  on  the 
downstream  slope  of  a  high  dam. 

The  following  table  Qso.  3)  shows  typical  mechanical  analyses  of 
the  materials: 

Table  3. — Classification  of  samples  of  sand  and  day. 


Hole 
No. 


800 
801 

803 
804 
810 
813 
816 
817 
818 
819 
831 
834 

843 
845 
847 
863 
864 


Elevation, 


+ 


-  2.8  to 
-27  to 
-fl3     to 

-  6.6  to 
+  2.4  to 
-31.8  to 

3.4  to 
6.1  to 
7.9  to 

-  5.3  to 
+  5.5  to 
+11.2  to 
+12.5  to 

-  7.5  to 
+  6.9  to 
-14.9  to 
+  0.4  to 
+  9.1  to 
+  2.7  to 


>16.8feet. 
43    feet. 

-  4  feet. 
-65.6  feet. 
■12. 6  feet. 
-41.8  feet. 
-28.4  feet. 
•13.9  feet. 

-  2.1  feet. 
-35.3  feet. 
-26.5  feet. 

-  3.8  feet. 
•  7.5  feet. 

57. 5  feet. 

13.1  feet. 
-84.9  fwt. 
-15. 6  feet. 
-10.9  feet. 
-14.3  feet. 


ClaBBlflcatlon  —per  cent  by  weight. 


Fine 
gravel. 


11.6 


3.0 
*i.'2 


Coarse 
sand. 


70.4 
1.8 
1.2 


6.8 
6.2 
0.8 
3.2 
12.2 
5.2 
2.6 
3.4 


1.4 
17.2 


5.0 


ICedlum 
■and. 


2.8 
9.4 

14.2 
2.8 
0.6 

27.4 
6.8 
4.4 

27.2 

15.8 

20.8 
4.4 

23.8 
2.4 
2.8 

20.8 
5.0 

14.8 


Pine 
■and. 


13.2 

2.4 

38.4 

7.2 

8.2 

96.6 

27.8 

22.2 

27.8 

14.2 

36.2 

22.2 

35.4 

25.8 

9.6 

7.8 

0.2 

45.4 


Very 

Silt 

Effect- 

fine 

and 

ive 

■and. 

clay. 

■ign. 

Mm. 

17.6 

66.4 

0.009 

2.2 

4.0 

.30 

11.4 

34.2 

.019 

12.8 

76.0 

.008 

8.4 

82.8 

.008 

8.4 

20.8 

.029 

17.2 

42.0 

.017 

18.8 

53.8 

.01 

10.2 

31.6 

.02 

10.2 

47.6 

.013 

8.8 

29.0 

.022 

8.4 

(32.4 

.009 

7.2 

27.2 

.025 

20.6 

61.2 

.01 

10.2 

76.0 

.006 

4.8 

48.2 

.016 

11.2 

74.6 

.008 

7.6 

27.2 

.022 

8.4 

1 

91.6 

.009 

1 

Uni- 
formity 
coeffi- 
cient. 


4.4 

2.6 
5.9 
4.4 

4.0 
7.2 
5.8 
5.1 
8.5 
9.4 
7.4 
4.7 
7.3 
6.2 
4.2 
13.1 
4.2 
6.3 
3.3 
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Color. 

Chaneter. 

Claaflifloatlon— per  cent  by  weight. 

SOs 

Wet.   '    Dry. 

1 

Location. 

CoaiM 

■and. 

Me- 
dium 
aand. 

Fine 
■and. 

Very 

line 

■and. 

sat 

and 
clay. 

Effect- 
ive 
■Ign. 

Uni- 
iormity 
coeffi- 
cient. 

1 

Bfaie.. 

...do.. 
Btown 

Blue.. 
...do.. 

Brown 

...do.. 
...do.. 

Blue.. 
Oiay . 

Te^t    pit 
downQiar 
gTMRlyer. 
...T.do 

Test  pit 
Gatiin  la- 
land. 

do 

do 

Very     line 

sand    and 

day. 
Fine      aand 

and  clay. 
Sand       end 

clay. 

do 

do 

1 

4.2 

44.7 
12.0 

24.0 
46.7 

18.3 

6l2 
6.6 

4.8 
7.4 

77.55 

22.62 
73.6 

57.6 
26.8 

Mm. 

O.O0O 

.025 
.008 

.000 
.022 

3.3 

3 
2 

4 
6 

ao3 

0.2 

2.2 
0.5 

26.2 
7.6 

11.4 
10.4 

7.0 
4.1 

3.3 
6.3 

BEKPAGE    TB8T8   OF    SOILS    AND    MATERIALS    IN    PLACE    AS    DETERMINED    FROM    THE 

BORE   HOLES. 

In  order  to  obtain  some  information  regarding  the  character  of  the 
soils  as  water  carriers  in  the  Chagres  Valley  in  the  vicinity  of  the 
dam  site  careful  measurements  were  made  (1;  of  the  height  the  water 
would  stand  naturally  in  the  bore  holes;  (2)  of  the  rate  at  which  water 
would  return  to  this  level  if  the  casing  were  filled  or  pumped  out; 
(3)  of  the  height  to  which  water  would  naturally  rise  if  the  casing 
was  overflowed;  and  (4)  of  the  quantity  that  would  be  discharged  in 
case  of  a  flowing  well. 

On  Plates  89  to  94,  inclusive,  are  shown  tjrpical  diagrams  of  the 
rates  of  rise  or  fall  of  water  in  the  casing.  The  complete  set  of  these 
diagrams  is  on  file  with  other  records.  Plates  95  to  98  show  the 
average  conditions  that  were  found,  and  on  Plate  99  are  tabular  state- 
ments of  the  data  fotmd  from  tests  in  various  holes  reduced  to  a 
uniform  head  of  10  feet  for  comparative  purposes.  The  following 
description  is  given  of  these  plates: 

Plate  95  shows  a  curve  piatted  from  a  seepage  test  in  hole  928, 
Gatun  dam  site.  The  horizontal  line  representing  zero  (0)  head  is  the 
point  at  which  the  ground  water  came  to  rest  in  the  bore  hole.  The 
ordinates  represent  the  time  and  the  abscissa  the  head  of  water  in 
the  casing,  referred  to  the  ground-water  level.  The  casing  was 
pumped  out  a  few  feet  above  or  below  the  level  of  the  ground  water, 
and  then  soundings  were  taken,  note  being  made  of  the  position  of 
the  water  at  chosen  instants  of  time.  These  points  were  platted  and 
a  smooth  curve  passed  through  them  as  shown  on  Plate  95. 

At  any  given  instant  the  water  is  moving  with  a  certain  velocity, 
depending  upon  the  head.  By  drawing  a  tangent  at  any  point  on 
the  curve  the  velocity  of  flow  (uniform  for  the  instant  chosen)  will  be 
represented,  and,  where  it  touches  the  curve,  a  horizontal  line  drawn 
to  the  axis  will  give  the  head  which  produced  that  velocity.  Plate 
95  shows  the  tangent  drawn,  intercepting  2  feet  vertically  and  10 
minutes  horizonteSly,  the  head  being  0.5  foot.  The  velocity,  then, 
for  that  instant  is  2  feet  per  10  minutes  under  0.5  head.  Referring  to 
the  table,  for  hole  928  in  the  column  marked  **Rise"  will  be  foimd 
2  feet  (the  velocity  per  10  minutes),  and  under  ''Head "  0.5  foot.    In 
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the  aboye  manner  all  the  data  were  derived  which  are  found  in  tba 
table.  To  obtain  the  rate  a  formula  was  devised  taking  into  acc^unt- 
the  area  of  the  bore  hole  and  the  movement  of  water  per  unit  of  time 
(1  minute).  The  area  of  a  2)  inch  casing  is  0.034  square  foot,  there- 
fore 

P  .   _  .034  X  movement  (rise  or  fall)  in  10  min.     .034  X  movement 
^^^""  timeTfOmmutes)  ^  10  ^^^ 

To  reduce  the  rate  to  a  uniform  head,  this  formula  must  be  modified. 
From  experiments  on  the  flow  of  water  in  wells  and  from  the  formalse 
for  such  flow  it  is  found  that  the  rate  is  directly  proportional  to 
the  head.  Therefore,  to  include  the  head,  it  is  necessaiy  to  assume 
a  standard  (for  convenience,  10  feet),  multiply  by  this  head,  and 
divide  by  the  head  taken  from  the  table. 

T,  .         (.034  X  movement)  X  10       .034  X  movement 
Rate loxTTe-ad h^a<l  —        <2) 

This  formula  reduces  all  the  rates  to  correspond  with  a  uniform 
head  of  10  feet.  It  is  noticeable,  in  the  table,  that  the  rate  for  the 
**rise"  and  for  the  **fair'  of  the  water  in  a  given  hole  is  not  the  same. 
For  the  present  purpose  the  rates  were  average<l.  As  an  example  of 
the  method  of  using  the  formula  consider  hole  928.  The  rise  and  fall 
are  each  2.0  feet  and  the  head  0.6.  so  one  curve  will  serve  for  both. 

Rate  =  0.07  X  2  =  0.1 4  cubic  foot  per  minute  under  a  10-foot  head 
as  given  in  the  table  under  '*Rate." 

The  materials  opposite  each  hole  in  the  table  are  those  through 
which  the  bore  hole  pierced  between  the  bottom  of  the  casing  and  tne 
bottom  of  the  hole.  In  other  words,  they  are  the  exposed  materials 
through  which  the  water  passed  into  or  out  of  the  nole.  After  all 
the  rates  were  determined,  they  were  grouped  according  to  the  mate- 
rial into  three  classes,  namely,  "clay,  "<*J*y  ^^^^  sand,*'  and 
"rock,"  and  the  average  taken  of  each  group.  These  average  rates 
will  be  found  written  on  the  curves  of  Plate  96.  These  curves  were 
platted  as  follows: 

The  rate,  for  instance,  O.Il  cubic  foot  per  minute,  for  "clay  and 
sand''  was  divided  by  0.034,  the  area  of  the  hole.  This  gives  the 
velocity  of  flow  for  1  minute  under  a  10'  head  in  the  casing. 

-J—-  «  3.235  feet  movement  during  the  first  minute. 

This  distance  is  measured  up  from  the  zero  (0)  of  coordinates  on 
the  line  representing  1  minute.  Substracting  3.235  fn)ni  10  gives 
6.765,  the  head  acting  at  the  end  of  the  first  minute, 

3^5^X^.765^2.19  feet,  the  movement  during  the  second  minute. 

2.19  +  3.235  «  5.425,  which  is  measured  up  from  the  horizontal  axis 
as  before  on  the  line  representing  the  second  minute.  These  two 
points  are  on  a  tangent  to  the  velocity  curve  for  "clay  and  sand." 
A  number  of  points  were  located  in  this  manner,  then  joined  by 
straight  lines,  and  a  smooth  curve  drawn  tangent  to  these  lines  at  the 
middle  points.  These  curves  have  such  a  quality  that,  if  a  tangent 
be  drawn  at  any  point,  and  the  movement  for  10  minutes  and  the 
head  correspondmg  be  substituted  in  formula  2,  the  result  will  be  0.11. 
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In  othier  words,  the  velocity  varies  with  the  head.  The  curves  for 
''rock"  and  ''clay"  were  platted  in  a  similar  manner,  using  their 
respective  rates — 0.07  and  0.04,  divided  by  0.034  as  above. 

So  far.  no  attention  has  been  paid  to  the  depth  of  exposed  material. 
By  dividing  the  rate  for  each  material,  as  given  on  Plate  96,  by  the 
area  in  square  feet  of  the  exposed  material,  the  rate  per  square  foot  is 
obtained.    The  average  depths  and  areas  are  as  follows: 

Sqnarefept. 

Clay  and  sand,  34  feet  by  0.655 22.3 

Rock,  43.5  feet  by  0.69 26.7 

Clay,  35.6  feet  by  0.655 23.25 

The  diameter  of  the  holes  piercing  "clay"  and  "clay  and  sand"  was 
assumed  as  2}  inches,  giving  a  circumference  of  0.655  foot.  The 
diameter  of  the  bore  holes  in  "rock"  was  assumed  as  2\  inches,  giving 
0.59  foot  circumference.  The  rates,  0.11,  0.07,  and  0.04,  divided  by 
the  respective  areas  give  0.005,  0.0027,  and  0.0017,  the  rates  per 
square  foot  under  a  iWoot  heaa,  as  shown  on  Plate  97.  The  curves 
on  Plate  97  were  constructed  in  the  same  manner  as  those  on  Plate  96, 
by  dividing  the  rate  by  0.034  to  obtain  the  velocity  in  the  casing.  It 
should  be  noted  that  these  curves  represent  the  velocity  in  the  bore 
hole,  not  the  velocity  of  flow  in  the  material  itself.  The  velocity  in 
the  casing  is  much  greater  than  that  in  the  material,  because  the  area 
is  less  than  1  square  foot.  Plates  95,  96,  and  97  were  constructed  as 
a  means  of  comparison  with  the  original  curves  platted  from  the  field 
data  of  the  seepage  tests. 

Plate  98  gives  the  results  obtained,  and  from  it  the  velocity  at  any 
head  mav  be  found.  For  instance,  the  velocity  under  an  8.5-foot 
head  in  "clay  and  sand"  is  0.0000705  secondrfoot.  Under  an  85-foot 
head  it  would  be  0.000705  second-foot.  These  results  are  an  aver- 
age; particular  sections  or  strata  might  give  a  velocity  greater  or  less 
than  the  above.  The  greatest  velocity  obtained  by  working  out 
34  tests  in  various  materials  was  0.00045  second-foot  with  10-foot  head 
in  hole  905. 

COMPARISON    BBTWBBN    SEEPAGE  IN  EXPERIMENTAL    DAM    AND    SEEPAGE    THROUGH 

"clay  AND  sand"    OF  BORINGS. 

Referring  to  Plate  97,  the  rate  of  flow  per  minute  per  square  foot 
of  exposed  material — '*clay  and  sand" — is  0.005  cubic  foot  under  a 
10-foot  head.  In  the  experimental  dam  it  is  shown  that  the  seepage, 
when  the  flow  had  become  constant,  was  0.000029  cubic  foot  per  secona 
per  foot  width  of  dam.  The  corresponding  height  of  saturation  was 
then  a  maximum,  and  was  about  20  mches.  The  height  of  saturation 
in  the  dam  may  be  called  the  head,  and  its  upper  hmit  the  point  of 
zero  (0)  head  or  the  ground-water  level,  similar  to  that  in  tne  bore 
holes.  As  the  extreme  downstream  gauge  where  the  water  passes  into 
the  air  is  chosen,  the  20  inches  may  be  compared  to  the  exposed 

material  in  the  bore  holes,  and  the  area=  --^^^  ^-^  square  feet  per  foot 

of  dam.     Taking  the  rate  of  0.005  for  *'clay  and  sand,"  which 

material  is  similar  to  that  in  the  dam,    -^^r-  =  0.00008  cubic  foot  per 

second  per  square  foot  under  a  10-foot  head,  which  is  the  velocity  with 
which  water  passes  through  a  square  foot  of  material  into  the  bore 
hole.     If  0.005  had  been  first  divided  by  0.034,  the  result  would  have 


BEPOBT  ISTHMIAK  CANAL  COMMISSION — APPENDIX  E.        185 

been  the  velocity  in  the  casing.  To  compare  the  two  velocities,  the 
head  in  each  case  must  be  the  same.  The  head  in  the  dam  is  equal  to 
the  height  of  saturation,  or  1.7  feet.  Reducing  the  velocity  to  that 
for  a  1.7  head  gives 

0.00008X1.7  ^  QQQQQ^^  fo^t  per  second.  (1) 

Since  the  seepage  in  the  dam  is  0.000029  cubic  foot  per  second  per 
foot  width,  and  the  height  of  saturation  is  1.7  feet,  the  velocity  is 

^'^^^^  =  0.000017  foot  per  second.  (2) 

A  comparison  of  results  1  and  2  indicates  that  the  materials  in  the 
upper  portion  of  the  deposits  in  the  Chagres  Valley  at  Gatun  are  simi- 
lar in  point  of  permeaoility  to  those  used  on  the  model  dam.  The 
river-bed  sections  in  Plate  100  show  that  the  velocity  of  underground 
flow  has  a  tendency  to  vary  inversely  as  the  depth  of  the  stratum  in 
which  it  occurs. 

BOCKS — FRIOTIONAL   RESISTANCE. 

Tests  have  been  made  of  the  various  rocks  that  predominate  in  the 
vicinity  of  Gatun,  and  on  Plates  101  to  103  are  shown  the  results  of 
these  tests,  and  on  Plate  104  the  apparatus  used  in  this  work. 

Table  No.  4  (below)  shows  various  physical  properties  of  the 
materials. 

Tablb  4. 


8am- 


1 
2 

3 
4 

6 
6 
7 
8 
9 
10 

11 

12 


Material. 


Blue  sandstone. 
Volcanic  ash 

Volcanic  tnfa... 
Conglomerate . . 

Volcanic  ash 

Conglomerate. . 

AfgU  sandstone. 

Gray  sandstone. 

Brown      sand- 
stone. 

Bas        Obispo 
rock. 

Bas  Obispo  con- 
glomerate. 


Condition. 


Soft  coarse  grain 
Soft  white,  some 

gravel. 
Hard  and  brittle 

Hard  black 

Hard  brown .... 

Soft  gray 

Gray 

Dark  soft 

Fine  grained 

Coarsegrained.. 

Hard  and  com- 
pact. 
do 


Weight  and  specific  gravity. 


Dried  at  212« 

F. 

Weight 
per 

Spe- 
cific 

cubic 

grav- 

foot. 

ity. 

83.5 

1.34 

58.8 

.94 

89.5 

1.43 

103.1 

1.66 

102.5 

1.64 

41.3 

.66 

101. 0 

1.63 

103.2 

1.65 

88.7 

1.42 

9&3 

1.55 

150.9 

2.42 

150.8 

2.41 

Saturated. 


Weight 

per 

cubic 

foot. 


111.2 
8&9 

ioa9 

115.7 
127.6 
80.2 
125.4 
113.2 
111.7 
131.2 

152.4 

151. 0 


Spe- 
cific 
grav- 
ity. 


1.78 
1.42 

1.75 
1.85 
2.04 
1.27 
2.01 
1.81 
1.79 
2.10 

2.44 

2.43 


Absorption  In 

24  hours  after 

being  dried  at 

212*  F. 


Per 

cent 

by 

weight. 


84.3 
51.2 

21.7 
12.2 
24.5 
94.2 
23.4 
9.7 
25l9 
36.2 

.  w 

.53 


Per 
cent 

by 
vol- 
ume. 


40.0 
48.2 

31.1 
20.2 
40.2 
62.3 
38.1 
16.0 
36.9 
55l9 

2.6 

1.3 


Abra- 
sion. 


Loss  In 

15  mln.; 

40 pound 
pres- 
sure. 

10  inches. 


12.0 
21.4 

2.6 

22.7 

11.7 

100.0 

8.7 
17.0 
20.0 
45l3 

No  test. 

No  test. 


The  tests  were  made  to  determine  the  permeability  of  the  rocks 
under  various  pressures,  and  the  loss  by  erosion  when  exposed  to  a 
pressure  of  40  pounds,  equal  to  a  head  of  92.3  feet,  the  greatest  possi- 
ble head  to  which  they  may  be  exposed  in  contact  with  the  waters 
of  the  lake.  The  samples  were  collected  from  the  various  localities 
in  their  natural  condition  and  tested  or  kept  under  water  to  protect 
them  until  ready  to  be  used. 
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APPARATUS  AND   METHODS  USED. 


For  the  permeability  tests  6-inch  nipples  36  inches  long  and  2-inch 
nipples  18  inches  long  were  used.  (Plate  62.)  This  figure  shows 
two  lar^e  nipples,  one  8  inches  and  the  other  6  inches  in  diameter, 
in  which  have  been  made  percolation  tests  of  soils  and  rocks  under 
high  pressure.  The  smaller  nipple  shows  gauges  at  two  points  in  the 
specimen  tested,  and  with  them  it  was  possible  to  obtain  information 
concerning  the  variation  of  the  discharge  due  to  the  difference  in  the 
length  of  the  medium.  The  four  smcdl  nipples  at  the  base  of  the 
8-inch  nipple  were  used  in  obtaining  information  concerning  strata 
which  was  available  only  as  diamond-drill  samples.  These  nipples 
were  also  used  in  the  abrasion  tests.  When  possible  to  obtain  tnem. 
cores  4  to  5  inches  in  diameter  and  12  to  18  inches  long  were  placed 
in  the  6-inch  nipples,  and  after  being  wedged  into  place,  neat  cement 
was  poured  in  between  the  nipple  and  tne  core  and  allowed  to  set 
thoroughly.  One  end  of  the  core  was  placed  about  6  inches  from 
the  end  of  the  nipple  and  this  space  filled  with  coarse  gravel  to  pre- 
vent the  bonding  cement  being  oroken  by  the  pressure  of  the  water. 
The  nipple  was  then  connected  to  the  water  main  and  the  pressure 
regulated  as  desired  and  the  seepage  measured.  Some  of  the  mate- 
riSia  were  so  coarse  grained  and  orittle  that  cores  IJ  inches  in  diame- 
ter and  6  to  12  inches  long  were  the  largest  possible  to  obtain.  The 
small  cores  were  placed  in  2-inch  nipples  18  inches  long  in  the  same 
manner  as  the  larger  cores  in  the  6-inch  nipples.     (Plate  104.) 

For  the  abrasion  tests  IJ-inch  nipples  9  inches  long  were  used. 
Diamond  drill  cores  of  the  various  materials  1  inch  in  diameter  and 
4  to  6  inches  long  were  used.  These  cores  were  first  thoroughly 
dried  and  then  accuratelv  weighed.  They  were  then  cemented  mto 
the  nipples,  one  end  of  the  core  being  placed  about  1  inch  from  the 
end  of  the  nipple.  After  the  cement  was  thoroughly  set  the  nipples 
were  again  weighed,  a  hole  one-fourth  inch  in  diameter  was  drilled 
through  the  core,  and  the  nipple  with  the  encased  core  a  third  time 
weighed,  the  weight  of  the  core  after  drilling  thus  being  obtained. 
The  nipple  was  then  connected  to  the  main,  and  a  steady  pressure  of 
40  pounds  maintained  for  fifteen  minutes,  one  end  of  the  nipple  being 
open.  The  nipple  was  then  thoroughly  dried  and  weighed,  and  the 
percentage  of  loss  by  erosion  thus  obtained.  The  weight  of  the 
various  materials  dry  was  obtained  by  determining  the  specific 
gravity  of  eacli  material,  but  as  the  apparatus  was  limited  the 
results  are  only  approximate. 

MaieriaU  tested. 

Sample  1. — A  coarfle-grained  blue  sandstone  from  a  test  pit  near  lock  site.  As 
Bome  volcanic  ash  ia  present,  the  material  is  brittle  and  crurabiee  easily.  On  account 
of  its  porous  nature  water  pasees  through  it  rather  freely,  and  for  the  same  reason  the 
loss  by  erosion  was  not  comparatively  large  as  the  water  passed  through  the  whole  core. 

Sample  2. — A  soft,  gray,  volcanic  ash  from  the  Iwk  site.  The  material  is  brittle, 
but  rather  firm,  and  contains  considerable  sand  and  some  gravel.  On  tliis  account 
it  is  not  very  impermea])le,  and  because  of  its  large  percentage  of  ash  easily  erodes. 

Sampl  S. — ^A  hard,  compact,  volcanic  tufa  resembling  rhyolite,  which  becomes 
8f)ft  and  disintegrates  when  exposed  to  the  air.  This  saniple  was  o1>tained  from  an 
outtTop  about  1,000  feet  from  the  fire  department  house  in  Gatun.  It  was  impervious 
under  a  pressure  of  (K)  pounds,  equal  to  a  iiead  of  207.6  feet,  and  eroded  very  little  when 
brought  into  contact  with  w^ater. 
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Sample  4- — ^A  dark  conglomerate,  aimilar  in  structure  to  dark  ai^llaeeouB  sandstone. 
The  gravel  in  this  material  forms  a  small  percentage  of  the  whole  mass  and  is  of  laige 
size.    This  rock  is  practically  impervious,  but  is  easily  eroded. 

Sample  5. — ^A  brown  conglomerate  from  the  lock  site,  the  cementing  material  being 
volcanic  ash.  As  the  larger  part  of  this  mass  is  gravel,  it  is  heavy  and  dense  and  almost 
impervious,  but  on  account  of  the  ash  it  is  easily  eroded. 

Sample  6. — A  very  soft,  liffht,  grav  volcanic  ash  from  the  lock  site.  The  material 
is  almost  pure  ash  and  can  oe  easify  crushed  between  the  fingers.  It  is  very  fine 
grained  and  compact,  and  on  this  account  nearly  impermeable  when  confined  in  place, 
But  when  openly  exposed  to  pressure  it  is  easily  washed  away. 

Sample  7. — A  li^t,  blue-gray  conglomerate  similar  in  texture  and  ingredients  to 
sample  5,  and  the  results  of  5  and  7  are  practically  the  same. 

Samples. — ^A  dark-blue  argillaceous  sandstone  from  the  spillway  test  pit.  Tlie 
rock  is  medium  hard,  fine  grained,  and  compact,  but  disintegrates  rapialy  when 
exposed  to  the  air.  On  account  of  the  large  percentage  of  clay  this  material  ts  rather 
impervious,  but  easily  eroded. 

Sample  9. — A  light-blue  sandstone  from  spillway  test  pit  which  turns  gray  when 
exposed  to  the  air.  This  rock  is  similar  to  sample  8,  but  contains  much  more  sand 
and  less  clay,  and  is  more  pervious  under  a  high  pressure. 

Sample  10. — A  light-brown  sandstone  from  spillway  test  pit.  Composed  of  sand 
and  fine  gravel,  only  fairly  impervious,  and  easily  eroded. 

Sampl&s  11  and  IB. — Andesite  and  breccia  from  near  Bas  Obispo.  Were  picked  at 
random  from  the  dump  and  are  intended  to  be  representative  of  the  uiaterialH  deposited 
in  this  fill. 

Plates  101,  102,  and  103  show  the  comparative  results  of  the  test^ 
of  the  different  rocks.  From  the  tests  it  seems  to  appear  that  the 
permeability  of  water  passing  through  varied  directly  as  the  head 
applied,  and  that  the  loss  in  head  varied  directly  as  the  length  of  the 
specimen.  It  also  appears  that  the  loss  of  head  through  five  of  the 
rocks  was  total  in  1  foot  of  material  under  80  pounds  pressure,  and 
that  through  3  feet  all  the  rocks  would  show  a  total  loss  of  head 
under  the  same  pressure.  The  loss  by  erosion  is  in  each  case  much 
larger  than  it  could  possibljr  be  under  actual  conditions,  but  gives  a 
good  comparison  of  tne  stability  of  the  various  rocks. 

The  following  tabular  statement  (No.  5)  indicates  the  chemical 
composition  of  the  several  rocks  as  found  near  Gatun.  Analyses 
made  at  the  Ancon  chemical  laboratory  April  9,  1908. 

Tabie  5. 


ArgiUa- 

stone  from 
spillway. 

Qatun 
red  clay. 

Blue  clay 
and  sand, 
pit  No.  54. 

Volcanic 

ash, 
Qatun  Hill. 

Conglom- 
erate. 

Argilla- 
ceous sand- 
stone. 

Chemical  No 

162 

I 

153 
II 

154 
III 

156 
IV 

156 
V 

157 

Sample  No 

VI 

Water  lo  crude  aample 

80.78 
.0027 
.0125 

33.83 
.061 
.065 

Ammon^A,  f **<» . .  r  '....,,.,-, 

A|humenoW .... 

Moisture  Id  powdered  aample. 
Loss  upon  ignitiOD 

ia66 
11.  ao 

39.46 

38.00 

.34 

1.64 

6^03 

12.56 

38.06 

43.66 

.16 

1.14 

2.70 

10.62 

51.20 

31.10 

2.76 

2.18 

.95 

.43 

11.21 
5.68 
57.74 
19.60 
2.04 
1.30 
1.96 
1.93 

8.15 

7.49 

51.36 

29.34 

1.86 

.56 

.90 

.03 

7.04 
10.06 

Silica.!....^. 

43.76 

Alumina  and  ferric  oxide* 

Calcium  oxide 

27.66 
7.22 

Masneeium  oxide 

3.45 

Sodium  oxide 

1.14 

Potassium  oxide 

1.36 

101.39 

101.02 

101.94 

101.48 

100.29 

101. 70 

•Ferric  oxide 

9.00 

10.88 

8.40 

2.24 

0.56 

8.24 
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These  expeiimenlB  were  nuule  to  deiermine  the  frictaoiud  resist- 
mnce  to  water  of  the  soils  in  the  Gatun  region. 


ArrARXTUB-AXD  XKTHOD8    USED. 


For  the  purpose  of  these  experiments  six  galTsnized-iron  tanks  were 
uaecL  (Pthte  63.)  They  were  of  old  French  stock,  and  fonnerlv 
used  as  water  reserroirs.  They  were  39.36  inches  (1  meter)  in 
diameter  and  54.50  inches  high."  The  area  was  8.-15  square  feet,  or 
)  I'^i  acre.  The  tanks  were  coated  inside  with  a  coTering  of  pitch  and 
amTBe  sand.  In  the  center  of  the  bottom  a  connection  was  made  to 
a  l-inch  pipe,  on  the  end  of  which  was  a  swinging  elbow.  The  hole  in 
the  Ixfttom  of  the  tank  was  protected  by  a  piece  of  wire  screening.  It 
was  intended  to  equip  these  tanks  similanv  to  those  used  by  Hazen. 
Tlie  general  manner  is  shown  in  the  sketcn.     (Plate  105.) 

So  far  as  fKissible,  an  effort  was  made  to  deposit  the  material  in  the 
tanks  in  crmdition  similar  to  that  when  round  in  place.  Every 
endeavor  was  made  to  drive  out  all  the  air  from  the  material,  and  a 
c'4>nstant  head  of  water  was  maintained,  the  water  entering  from  a 
large  snout  on  the  side  of  the  tank  and  discharging  from  the  same  as 
shown  in  tlie  figure.  (Plate  105.)  The  head  of  water  was  shown  in  the 
gauge  glasses,  and  the  difference  between  the  elevation  of  the  water 
surraces  in  the  upper  and  lower  passes  indicated  the  head  lost  in 
friction  while  the  water  was  passing  through  the  materiaL  By 
means  of  the  swinging  joint  the  outlet  of  the  tank  could  be  raised  or 
lowered  and  thus  the  discharge  regulated.  The  endeavor  was  to 
obtain  such  a  discharge  that  the  head  lost  in  friction  would  equal  the 

length  of  the  soil  column.    This  made  -  (=hydraulicgradeline)  =  l. 

This  discharge  is  called  by  Hazen  the  **  maximum  discharge/'  and 
when  it  is  determined,  the  dischai^ges  for  any  other  ratio  of  *'h'*  to 
''  1 "  is  readily  calculated,  knowing  that  the  discharge  varies  directly 
as  the  slope  of  the  hj'draulic  grade  line — sin  i.  The  tests  were  coii- 
tinued  from  two  to  six  weeks,  or  until  the  seepa^  became  constant. 

For  testing  soils  under  pressure,  an  8-inch  mpple,  4  feet  long,  was 
used,  and  fitted  up  as  shown  in  Plate  106;  36  inches  of  material  was 
the  usual  depth  of  the  column. 

Materials  tested. 

[For  mechanical  axialyses,  see  Table  19.] 

I,  Stiff  blue  clay  from  tes^t  pit  down  the  Chagres  River  north  of  the  dam  site. 
II.  Bed  Ktridy  nnl  from  eiuliankment  slope  of  spillway  hill. 
III.  Me<liurn  fine  itand  from  te^t  pixs  down  Chagres  River. 

IV'.  Bniwn  dandy  clay  fn>m  <Tatuu  L?land  test  pit  between  surface  and  13  feet  below. 
VI.  Blue  Windy  day  from  Gatun  Inland  Xeei  pit  from  15  to  37  feet  below  surface. 

A  constant  head  of  It  inches  of  water  was  maintained,  and  the 
top  sand  laver  was  frequently  scraped.  The  temperature  of  the 
water  was  a&oiit  86^  F. 
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Tablb  6. 


Sample  No. 


1 
2 
3 
4 

6 


EffectiTe 

slae  (diAm- 

eter  in 

t&m.). 


Unlfonnlty 
ooefllciwit. 


Porosity 

(per  cent). 


59.16 
57.  W 
64.71 
CO.  45 
47.99 


llaxixnum 

rate  (cubic 

feet  per 

acre  per 

24  hours). 


49.9 
226.7 
206.7 
136.4 
296.7 


Velocity 

(foot  per 

minute  1:1 

gradient). 


0.00000077 
.0000037 
.0000033 
.000002 

.000015 


Duration 
of  experi- 

ment 
(weeks). 


4 

4 
4 
6 
4 


No.  VL  was  tested  under  pressures  of  50  pounds  (h=  115.3  feet) 
and  80  pounds  (h  =  184.5  feet)  per  square  inch.  The  test  was  con- 
tinued for  sixteen  days,  and  the  constant  flow  established  was  1.94 
cubic  feet  for  eight  hours  (a  rate  of  about  1.8  gallons  per  hour).  This 
is  equivalent  to  a  rate  per  square  foot  of  0.000193  cubic  foot  per 
second  under  the  former  pressure.  Under  the  latter  pressure  the 
discharge  was  3.39  cubic  leet  for  eight  hours,  equivalent  to  a  rate 
per  square  foot  of  0.000338  cubic  foot  per  second.  The  relationship 
of  head  and  discharge  in  this  case  is  shown  to  bear  out  the  assump* 
tion  of  the  direct  proportion. 

EXPERIMENTAL  DAMS. 

In  order  thoroughly  to  test  the  materials  and  methods  available 
for  the  construction  of  the  Gatun  dam,  experiments  were  made 
similar  to  those  made  at  Clinton,  Mass.,  for  the  Metropolitan  water- 
works. 

A  lai^e,  water-tight,  wooden  tank  was  constructed  having  inside 
dimensions  75  fe^t  long,  6.08  feet  wide,  and  of  height  sufficient  to 
take  the  proposed  dam.  This  tank  was  set  up  on  the  bank  of  the 
Chagres  River  just  north  of  the  site  selected  for  the  dam.  The  ele- 
vation of  the  bottom  of  the  tank  inside  was  about  1 1  feet  above  sea 
level. 

In  this  tank  the  experimental  dam  was  constructed  entirely  by 
hydraulic  methods  and  exactly  similar  in  shape  to  the  proposed  dam, 
but  on  a  scale  one-twelfth  as  larce;  that  is,  1  mch  in  the  experimental 
dam  corresponded  to  1  foot  in  the  actual  dam.  It  did  not,  however, 
seem  necessary  to  include  the  whole  of  the  long  downstream  slope, 
and  the  tank  was  shortened  25  feet,  corresponding  approximately 
to  300  feet  in  the  original  design.  This  made  the  hydraulic  fill  por- 
tion equivalent  to  about  885  feet  of  actual  dam.  T*ne  height  of  the 
sides  of  the  tank  on  the  upstream  side  for  a  distance  of  22  feet  8 
inches  was  8  feet  7  inches,  or  sufficient  to  allow  a  head  of  100  inches 
to  be  placed  against  the  water  face.  From  this  point  it  ran  upward 
on  a  3  on  1  slope  till  it  reached  a  height  of  1 1  feet  7  inches,  sufficient 
to  take  a  height  of  material  corresponding  to  135  feet  in  the  actual 
dam.  The  top  of  the  sides  was  then  run  level  for  9  feet  3  inches, 
and  then  dropped  on  a  3  on  1  slope  to  a  height  of  7  feet  10  inches, 
and  continued  on  this  elevation  to  the  end.  The  outline  of  this  dam 
is  shown  on  Plate  107,  and  photographs  of  the  tank  are  shown  on 
Plates  64  to  67,  inclusive.  Tne  material  was  all  yellow  pine  lumber, 
the  uprights  being  8  by  8  inches,  and  the  sides  2  by  12  inch  stock. 
These  planks  had  their  edges  slightly  beveled,  and  all  jomts  wei*e 
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tightly  calked  with  oakum.  On  the  inside  about  every  4  feet,  rough 
2  by  4  inch  scantling  was  placed  on  sides  and  bottom  to  make  stops 
so  that  water  might  not  find  its  way  between  the  sand  and  the  plank- 
ing. After  this,  the  entire  inside  was  coated  with  pitch  into  which 
sharp  sand  was  thrown  to  further  improve  the  bond. 

At  intervals  of  4  feet  1  J-inch  galvanized-iron  pipes  perforated  with 
one-fourth-inch  holes  were  placed  across  the  tank  near  the  bottom, 
the  ends  being  threaded  and  passed  outside  the  tank.  These  pipes 
were  covered  with  wire  gauze,  and  later  with  a  little  fine  CTavel. 
Each  of  the  projecting  ends  of  these  pipes  were  held  with  lock  nuts 
outside  the  tank,  in  order  that  caps  and  pipe  might  be  screwed  on 
without  disturbing  the  pipe  and  its  connection  witn  the  tank,  and  so 
cause  leakage. 

During  the  experiments  the  tank  was  absolutely  tight.  On  the 
easterly  side  of  the  tank  these  pipes  were  capped  so  that  they  could 
be  used  for  drainage,  or  for  flusning  out  the  pipes  if  they  oecame 
clogged  with  sand.  On  the  west  side  a  tee  branch  was  screwed  in,  and 
into  the  horizontal  end  was  screwed  a  nipple  with  a  cap  on  the  end. 
Into  the  vertical  opening  was  put  a  wooden  reducer,  and  into  this 
one-half-inch  gauge  glasses  reaching  to  the  top  of  the  tank.  (Plate  64.) 
These  tubes  were  for  the  purpose  of  observing  the  slope  of  saturation 
in  the  material,  and  constant  readings  were  taken  of  the  elevation  of 
the  water  by  means  of  gauge  boards  placed  behind  each  glass.  At 
the  north  or  downstream  end  of  the  tank  was  a  portion  about  a  foot 
wide  partitioned  off  and  forming  an  open  space  into  which  water 
could  freely  run  from  the  sand  in  the  dam.  One-half-inch  holes  on 
2-inch  centers  were  cut  in  the  partition  and  covered  with  netting  to 
hold  back  any  sand.  Out  of  the  open  space  a  pipe  was  run  to  a 
measuring  tank,  and,  after  the  experiments  were  begun,  constant 
readings  were  taken  of  the  amoimt  of  water  percolating  through  the 
dam.  The  water  against  the  face  of  the  dam  was  kept  at  a  constant 
height  by  overflows  at  different  elevations,  and  a  continuous  flow  of 
water  maintained  by  feeding  from  an  auxiliary  tank.  For  the  intake 
at  the  water  face,  precautions  were  taken  to  allow  the  water  to  flow 
in  at  the  bottom,  but  in  such  a  way  that  there  was  no  danger  of 
washing  the  material. 

It  was  expected  to  build  two  types  of  dam ;  one  with  the  material 
all  delivered  at  the  downstream  race  and  discharging  over  the  up- 
stream slope,  which  would  allow  the  material  to  grade  itself  from 
coarse  to  fine,  the  more  impervious  portions  being  placed  on  the 
water  slope;  the  other  type  was  that  usually  adopted  in  hydraulic-fill 
dams — that  is,  depositing  the  material  on  both  slopes  and  allowing  it 
to  flow  toward  the  center  of  the  dam.  On  account  of  this  design, 
outlets  were  arranged  at  both  the  upstream  slope  and  in  the  middle 
of  the  dam.  The  upstream  overflow  had  two  openings,  each  12  by 
24  inches,  while  in  tlie  center  the  opening  was  10  by  18  inches.  After 
completion  and  during  the  time  the  water  was  against  the  dam,  these 
openings  were  tightly  wedged  in  place  and  calked  to  prevent  leakage. 
In  order  to  take  care  of  the  overflow  water  in  the  second  type,  it  was 
necessary  to  construct  a  weir  box  on  the  inside  of  the  westerly  wall  of 
the  dam,  and  sliding  boards  were  used  to  regulate  the  discharge.  On 
the  upstream  face  cleats  were  nailed  on  a  3  on  1  slope,  and  m  the.se 
could  be  dropped  floshboards  to  hold  back  the  water  and  regulate  the 
discharge  dunng  construction  of  tj'pe  I.     In  order  to  hold  the  water 
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at  any  desired  elevation,  1-inch  pipes  were  run  through  the  south  or 
water  end  and  capped.  These  pipes  were  at  distances  of  10  inches 
apart,  and  the  water  could  thus  he  held  at  anv  elevation  by  uncap- 
pmg  one  of  these  pipes.  Every  18  inches  along  the  bottom  one- 
nalNinch  holes  were  drilled  on  each  side  of  the  tank  so  that  the 
material  in  the  dam  could  be  thoroughly  drained.  These  holes  were 
closed  by  wooden  plugs  during  the  tests.  An  observation  platform 
was  built  around  the  top  of  the  tank,  and  the  whole  was  covered  by  a 
galvanized-iron  roof  to  protect  from  rain  and  winds. 

The^  pumping  apparatus  consisted  of  a  6  by  8  inch  double,  upright, 
reyersjble  French  engine  which  was  taken  from  a  crane  that  had  l^en 
lying  in  the  jungle  for  probably  twenty  years.  This  was  belt  con- 
nected to  a  lOi  by  8J  inch  French  centrifugal  pump  from  one  of  the 
old  ladder  dredges  found  at  Miraflores.  Tms  pump  was  bushed  down 
to  an  8-inch  suction  and  a  6-inch  discharge.  This  later  was  reduced 
to  4  inches  on  entering  the  tank.  The  steam  was  furnished  by  two 
upright  boilers  also  obtained  from  the  jungle.  Both  of.  these  were 
refitted,  tested  to  175  pounds,  and  run  at  100  pounds  steam  pressure. 
The  material  came  from  an  area  at  the  end  of  Spillway  Island,  on  the 
west  bank  of  the  Chagres.  The  area  and  location  from  which  this  was 
taken  was  chosen  that  it  might  be  as  nearly  as  possible  representative 
of  the  materials  to  be  subsequently  used  hereaiter  in  constructing  the 
proposed  dam.  The  surface  deposit  was  cleared  off,  leaving  only  a 
very  thin  layer  of  yellow  loam  and  clay  in  which  were  some  pockets 
of  pure  sand.  Under  this  was  a  bed  of  compact  blue  sanay  clay 
which  formed  the  bulk  of  the  material  used.  It  was  loaded  into  an 
old  French  coal  barge,  and  towed  to  the  pump  at  the  dam.     The 

{)ump  suction  was  a  flexible  rubber  pipe,  and  could  readily  be  trans- 
erred  into  either  of  the  two  compartments  into  which  the  barge  was 
divided.     (Plate  68.) 

After  several  trials,  the  best  way  to  handle  the  material  was  found 
to  be  as  follows:  After  the  barge  was  moored  in  place  at  the  pump, 
two  3-inch  syphons  primed  by  steam  were  placea  over  the  side,  and 
sufficient  water  continuously  drawn  from  the  river  to  keep  the 
material  in  the  barge  in  suitaole  condition  for  pumping.  Four  to  six 
men  shoveled  the  material  into  a  wooden  trough  which  was  tilted 
under  water  to  the  suction  pipe,  and  thus  a  constant  supply  was 
maintained.  The  discharge  pipes  were  connected  up  with  4-inch 
flexible  joints,  and  could  oe  readily  moved  in  any  direction.  On 
accoimt,  however,  of  the  great  velocity  with  which  the  water  was 
dischai^ed.  it  was  foimd  necessary  to  first  discharge  into  a  trough, 
which  would  reverse  the  flow,  sending  the  water  against  the  end  of  the 
tank.  (Plate  69.)  Here  it  was  again  reversed,  and  by  this  time  had 
lost  enough  velocity  to  allow  the  materials  held  in  suspension  to  settle 
into  place.  This  difficulty,  of  course,  will  not  be  encountered  in  the 
actual  dam,  as  the  distance  to  the  overflow  will  be  so  great.  On 
account  of  delays  occasioned  by  the  nonarrival  of  lumber  and  other 
materials,  the  actual  work  of  dam  building  did  not  begin  until  April  1. 
As  mentioned  above,  the  material  by  this  method  graded  itself  from 
the  coarsest  portion  at  the  downstream  end  to  the  finest  at  the  up- 
stream face.  This  material,  which  was  a  fine  yellow  silt,  was  very 
unstable,  and  had  the  consistency  of  a  thick  mud  carrying  considerable 
water.  Some  difficulty  was  experienced  in  making  it  hold  to  any 
slope  under  the  wash  or  the  discharging  water.     Boards,  grass,  burlap, 
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and  wire  netting  were  aU  used  to  hold  it  in  place  and  protect  the  slope 
as  built  from  the  overflow  above.  During  this  period  the  endeavor 
was  to  lose  as  little  as  possible  of  the  material  pumped,  the  theory 
being  that  the  finer  the  material  deposited,  the  more  impermeable 
would  be  the  upstream  face,  and  the  pumps  were  run  two  minutes 
with  a  rest  interval  of  five  minutes.  Arter  several  trials,  this  rate  was 
found  to  give  the  best  results,  and  the  overflow  was  almost  clean 
water.  The  velocity  maintained  on  this  tank  and  found  to  give  the 
best  results  was  about  2  feet  per  second  at  the  intake  end.  u  at  any 
time  it  appeared  that  a  layer  of  silt  was  being  deposited  over  the 
downstream  portion,  it  was  broken  up  by  walking  over  with  bare  feet 
while  water  was  dischaiging.  For  tne  first  25  Feet  from  the  down- 
stream end,  the  material  took  a  1  on  50  slope,  and  for  the  next  5  or  6 
feet,  a  1  on  6  or  7  slope.  All  of  this  could  oe  walked  on  immediately 
after  the  pumping  stopped.  The  remainder  of  the  material  wns  a 
blue  and  yellow  sdt  witn  very  Uttle  sand  and  an  almost  flat  slope. 
This  settled  very  slowly,  and  when  there  was  nearly  5  feet  depth  in 
place,  only  6  or  8  inches  was  stable  enou^  to  support  the  weight  of  a 
man. 

Samples  of  the  material  pumped  were  regularly  taken  in  lon^  glass 
tubes,  out  they  varied  greatly,  due  to  the  irregularity  with  which  the 
pump  was  obliged  to  be  operated.  At  the  inlet  the  average  of  these 
samples  in  one  hour's  settlement  was  about  10  per  cent  sand  and 
^  about  70  per  cent  clay  and  silt.  After  twenty-four  hours  they  would 
show  about  50  per  cent  sand  and  30  per  cent  clay  and  silt.  At  the 
outlet  most  of  the  time  the  samples  showed  no  sand  and  about  10 
per  cent  clay  and  silt  after  twenty-four  hours'  settlement.  Thus  it 
appeared  that  a  great  proportion  of  the  material  excavated  was  being 
saved.  On  April  11  pumping  was  discontinued  in  order  that  the 
condition  of  the  upstream  slope  might  be  ascertained,  as  it  was  felt 
that  its  condition  was  not  satisfactory.  Samples  of  this  portion  would 
ooze  out  when  the  drainage  plugs  were  pulled;  this  would  dry  in  the 
sun  and  become  almost  stone-l3ce.  If  placed  in  water,  after  twelve 
hours  the  pieces  would  lose  their  shape,  and,  if  shaken,  would  discolor 
the  water  like  mud.  After  examination,  it  was  decided  that  too 
much  of  the  fine  material  had  been  held  back  and  it  was  determined 
to  remove  the  unstable  portion. 

Previous  to  this,  however,  on  April  14,  a  quantity  of  the  material 
was  placed  in  four  test  boxes,  two  being  filled  with  material  h'om 
near  the  downstream  face  and  the  other  two  from  near  the  center  of 
the  dam.  These  boxes  were  12  inches  wide,  14  inches  high,  and  48 
inches  long,  and  the  bottom  was  covered  with  slats  on  which  was 
placed  mosquito  netting.  The  samples  taken  from  near  the  toe  of 
the  slope  were  almost  pure  clay  and  silt  with  no  sand.  Those  taken 
from  near  the  center  of  the  dam  had  a  considerable  portion  of  very 
fine  sand.  On  April  21  the  boxes  were  tilted  in  order  to  give  the 
material  a  chance  to  settle  to  a  3  on  1  slope,  which  it  gradually  did 
very  slowly,  although  exposed  top  and  bottom  to  the  air.  Oracks 
developed  on  the  surface  even  while  the  center  was  wet.  On  June 
5  the  material  had  settled  to  about  70  per  c^nt  of  its  former  bulk, 
and  had  the  consistency  of  freshly  made  cheese.  Solid  wood  bottoms 
were  now  placed  in  the  bottoms  and  made  water-tight  by  pitching. 
Water  was  then  turned  on  and  a  constant  head  maintained.  Oa 
June  27  no  change  was  found  in  the  slopes  which,  previous  to  turning 
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on  the  water  had  been  trimmed  to  a  true  3  on  1  slope.  The  surface 
of  the  material  for  about  one-sixteenth  of  an  inch  was  unstable  and 
muddy,  but  the  remainder  was  firm  and  solid  and  had  a  greasy  feel- 
ing to  the  touch.  Evidently  it  was  stable  and  thorougnly  water- 
proof. On  August  1  this  same  condition  was  apparent,  and  there 
seems  no  question  but  what  the  material  will  not  dissolve  imder  the 
action  of  water  similar  to  that  to  which  it  is  here  exposed. 

After  the  samples  were  taken,  all  the  upstream  material  from  the 
center  was  washed  out,  leaving  the  solid  material  in  the  tank,  as 
shown  by  the  dotted  line  in  Plate  108  and  marked  '^4/16/08.^'  Sunilar 
material  to  that  which  had  been  previously  used  was  again  pumped 
in,  starting  on  April  20.  The  attempt  now  was  to  retam  only  such 
material  in  the  upstream  slope  as  was  similar  to  that  found  in  the 
center  of  the  dam — clav  and  silt  with  some  very  fine  sand — and  it 
was  now  possible  to  walk  over  any  portion  of  the  dam  almost  imme- 
diately alter  pumping.  Measurements  were  taken  of  the  material 
in  the  dam  ancl  of  that  pumped  from  the  barge,  and  it  was  found  that 
about  40  per  cent  of  the  amount  pumped  was  actually  deposited,  f 
The  velocity  in  the  tank  was  about  2  feet  per  second  over  the  entire  i 
length.  On  May  10  this  dam  was  completed.  The  material  on  the  f 
water  slope  was  now  found  to  be  in  excellent  condition.  A  layer  of 
gravel  1  to  2  inches  thick  was  then  placed  on  this  face,  and  over  this 
was  placed  a  layer  of  crushed  stone  4  inches  at  the  top  and  24  inches 
at  the  bottom.  The  dam  was  now  allowed  to  drain  for  three  days, 
and  on  June  14  water  was  admitted  to  the  upstream  face  at  the  rate 
of  H  inches  per  hour  till  it  reached  elevation  18,  and  from  there  on 
it  was  raised  at  the  rate  of  1  inch  per  hour. 

Continuous  readings  of  gauges  and  percolation  tank  were  taken 
from  the  time  the  water  was  first  turned  on  until  the  experiments 
were  finished.  The  curves  on  Plates  109  to  119  show  the  rate  at 
which  the  slope  of  saturation  rose  in  the  dam  and  Plate  120  shows 
the  seepage  during  the  test.  As  the  water  was  put  on  before  the 
dam  was  thorougmy  drained,  it  is  very  probable  that  some  of  the 
height  shown  in  the  earlier  diagrams  is  due  to  water  that  had  not 
dramed  out,  rather  than  to  seepage  water  from  the  upstream  slope. 
All  of  the  curves  show  a  marked  cnange  near  the  center  of  the  dam. 
Referring  to  Plate  108  and  looking  at  tne  dotted  line  marked  *'  4/16,^' 
it  will  be  seen  that  the  position  or  this  distortion  corresponds  nearly 
with  the  slope  on  which  the  soft  material  was  pumped  out,  as  men- 
tioned above.  By  studying  the  dotted  lines  on  the  plate  and  com- 
paring vdth  the  next  slope  hne  taken  in  point  of  time,  it  appears  prob- 
able tnat  when  the  water  was  applied  after  washing  out  the  soft  mate- 
rial it  first  cut  down  the  steep  slope  near  the  center  of  the  dam. 
The  fine  material  here  was  washed  to  the  bottom  of  the  tank  and 
immediately  covered  with  other  material,  until  the  whole  slope  was 
changed  and  upbuilding  again  began.  The  probability  is,  therefore, 
that  along  this  portion  the  matenal  was  veiy  much  finer  and  more 
impervious,  ana  the  steepening  of  the  slope  shows  what  effect  per- 
meability may  have  on  tne  hydraulic  grade  line.  The  variation  in 
the  points  shown  on  Plate  120  for  the  rate  curve  is  undoubtedly  due 
to  carelessness  in  reading  or  in  time  of  taking  reading.  Except  two 
white  men,  all  the  help  was  black  and  of  uncertain  education  and 
reliability.  The  results  were  checked  each  day  by  white  observers, 
and  during  the  last  week^  when  the  rate  had  become  constant,  two  white 
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obsenrers  took  independent  readings.  A  head  of  85  inches  was 
retained  on  the  dam  until  the  seepage  had  without  doubt  reached  a 
constant  quantity.  In  order  to  test  the  stability  of  the  upstream 
slope,  the  water  m  the  tank  was  lowered  40  inches  in  fifty-two  min- 
utes. The  drainage  of  the  slope  was  found  to  be  perfect,  and  no  tend- 
ency to  slide  was  apparent.  In  order  to  demonstrate  that  the  water 
in  the  experimental  dam  was  proportional  to  that  which  might  be 
ex]>ected  in  a  structure  twelve  times  as  larj^e,  the  water  against  the 
dam  was  held  for  about  a  month  at  elevation  45,  or  about  one-half 
that  previously  used.  Careful  observations  wete  taken,  and  the 
results  are  shown  in  Plates  121  to  130.  As  expected,  these  results 
confirmed  the  belief  that  the  variations  in  dischai^  were  directlj 
proportional  to  head  and  area.  More  detailed  description  of  this  is 
given  on  page  146  et  seq. 

In  order  U>  construct  another  model  dam  (called  11)  in  the  tank,  it 
was  necessaiT  to  set  rid  of  the  present  materials,  and  they  were 
washed  out  by  a  hose  stream.  During  this  operation  it  was  found 
that  the  material  was  very  solidly  packed.  Previously  to  the  washing 
out  test  pits  were  sunk  into  the  dam  at  intervals  and  samples  obtained 
for  mechanical  analyses  andporosity.  On  Plate  131  is  shown  a  sec- 
tion of  experimental  dam — ^lyp^  I  contoured  to  show  distribution  of 
material  with  reference  to  its  effective  size.  The  curve  of  saturation 
during  period  of  maximum  dischai^  is  shown  by  the  irregularly  slop- 
ing line  A-B.  Its  section  of  maximum  decUvity  is  plainly  seen  to 
coincide  with  the  fine  materials  left  in  the  dam  after  tne  washing  out 
mentioned.  The  line  4/16/08,  Plate  108,  is  reproduced  on  Plate  131. 
The  mechanical  analyses  of  these  samples  follow: 
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The  evenness  of  the  stratification  in  the  model  dam  as  exposed  by 
test  pits  was  very  satisfactory,  and  the  fact  that  the  ades  of  the  pit 
remained  vertical  for  a  week  was  evidence  of  the  solidity  of  the 
structure.  In  flushing  out  the  material  near  the  face  it  was  neceasaiy 
to  cut  furrows  alons  the  surface  and  gradually  widen  them,  otherwise 
the  hose  stream  omy  bored  holes  in  the  embankment.  Back  of  the 
center  line  the  method  employed  was  to  undercut,  and  when  the  mass 
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dropped,  break  it  up  and  wadi  it  out.  There  was  question  if  some 
water  might  not  have  found  its  way  aiong  the  side  or  bottom  of  the 
tank  in  spite  of  the  2  by  4  inch  water  stops.  This,  however,  was 
settled  by  the  character  of  the  material  at  the  stops.  These  latter 
had  acted  as  baffles  and  so  greatly  reduced  the  velocity  that  the 
finest  materials  had  banked  around  the  stops  and  here  was  the  most 
impermeable  place  of  all.  As  had  been  expected  from  the  character 
of  the  saturation  slope,  much  fine  material  was  found  concentrated 
near  the  bottom  and  at  the  center  of  the  tank. 

Model  Dam  II. 

The  general  method  of  construction  of  this  dam,  as  has  been  stated; 
was  to  discharge  materiak  on  both  slopes  and  allow  them  to  grade 
from  coarse  to  filne  from  the  outer  slopes  to  the  center.  The  inlet 
ipe  was  brought  up  over  the  center  of  the  dam  (Plate  65 )  and  dischai^d 

th.  ways  in  a  manner  similar  to  that  previously  described.  The 
outlet  was  regulated  by  6-inch  stop  planks  in  the  weir  box.  The 
upstream  slope  was  easily  regulated  oy  1  by  12  inch  boards  placed  at 
intervab  on  the  slope.  It  was  apparent  from  the  start  that  tliis  tvpe 
of  construction  was  much  to  be  preferred  so  far  as  ease  in  building 
was  concerned.  Tlie  material  for  this  dam  was  obtained  in  the  same 
place  and  by  the  same  methods  as  described  for  use  in  type  I.  Pump- 
ing began  «fuly  21,  and  the  dam  was  completely  finished  August  10. 
During  construction  deposits  of  silt  left  on  top  of  the  sand  by  the 
last  or  the  drainingcould  be  washed  oflF  by  pumping  clean  water  for  a 
very  short  time.  Kegulating  to  deposit  sand  or  clay  as  desired  could 
be  done  by  placing  the  discharge  end  above  or  below  the  water 
surface.  In  this  wajr  sand  could  be  deposited  in  slopes  varying 
from  1 :  33  to  1 :  11 ,  while  the  finer  and  compact  materials  at  the  center 
took  a  slope  of  1 :15  or  1 :18.  The  length  of  the  pumping  time  varied 
as  the  embankment  rose  and  the  slopes  narrowed  m.  In  the  first 
place,  five-minute  intervals  were  used,  out  at  the  last  one-haif-minute 
mtervals  were  necessary.  During  the-se  times  the  discharge  through 
the  weir  box  varied  from  0.4  to  1.1  cubic  feet  per  minute.  The  actual 
pumping  time  for  discharging  the  first  barge  load  was  not  taken,  but 
the  second,  containing  52  cubic  yards,  was  discharged  in  236  minutes, 
or  a  cubic  yard  in  four  and  one-half  minutes,  and  the  third,  containing 
63  cubic  yards,  was  discharged  at  the  rate  of  1  cubic  yard  in  five 
minutes.  Mucn  better  time  than  this  could  have  been  made  if  it  had 
not  been  necessary  to  consider  the  placing  of  the  material  in  the  tank. 
The  distribution  of  the  material  is  shown  in  Plate  132. 

Of  the  first  barge  load,  47  cubic  yards,  or  81  per  cent  of  the  amount 
contained,  was  (feposited  in  the  embankment.  Of  the  second,  34 
cubic  yards,  or  66i  per  cent,  was  held,  and  of  the  third,  38  cubic  yards, 
or  60  per  cent,  was  retained.  The  gradual  increase  in  the  amoimt 
wasted  is  due  to  the  narrowii^  of  the  dam  cross-section  as  it  approaches 
the  top,  and  the  necessity  olkeeping  the  proper  grading  of  materials. 
It  is  seen,  therefore,  that  by  this  method  of  construction  about  70 
per  cent  of  the  material  excavated  was  saved,  against  40  per  c«nt 
retained  in  the  case  of  the  former  dam.  The  percentage  saved  would 
have  been  larger  in  the  case  of  type  II,  except  that,  in  order  to  hasten 
the  work,  the  embankment  above  elevation  100  was  pumped  in  almost 
continuously  and  much  of  the  fine  material  wasted,  as  it  was  unneces- 
sary to  be  particular  with  the  portion  above  water  level.    Observa- 
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ptit  (dtij  -^oIh|  tipitd  i:tl^. 

lijiMtl  roM«liiM»n.«  of  iliiu  form  of  consiniclion  are  shown  in  the  sec- 
lion  <»f  Hip  N«m  \\\\\,  Mo\n'o,duiu  in  Plate  i:i3.    The  prototype  of  the 
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Gatun  dam  is  said  to  be  the  dikes  built  at  Clinton,  Mass.,  as  part  of 
the  Wachusett  Reservoir,  and,  as  considerable  adverse  criticism  has 
been  made  of  this  structure  on  accoimt  of  a  slide,  it  seems  advisable 
to  state  the  facts  concerning  this  matter.  On  April  11,  1907,  a  por- 
tion of  the  face  of  this  dam  sloujghed  off  and  slid  into  the  reservoir. 
On  Plate  134  is  shown  the  maximum  section  of  this  shde,  detailed 
description  of  which  is  riven  in  Enrineeriujg  News,  volume  57,  page 
464.  The  material  on  me  water  side  of  this  embankment  was  sand, 
but  it  undoubtedly  contained  some  soil  excavated  from  the  reservoir. 
This  was  deposited  without  the  extreme  care  taken  in  the  ** cut-off,^' 
where  the  material  in  6-inch  layers  was  rolled  well  wet,  and  every 
precaution  taken  to  make  a  water-tight  and  stable  barrier.  How 
stable  it  was  is  shown  by  the  steepness  of  the  slope  at  the  upper  end 
from  whence  the  bank  slid.  On  the  water  face  of  the  embankment 
was  a  thick  layer  of  gravel.  About  quarter  way  down  this  slope  was 
a  berm  or  sheu  in  the  embankment,  and  on  tins  and  extending  up  the 
slope  was  placed  a  heavy  facing  of  rock  to  protect  the  earth  embank- 
ment from  wave  action.  When  the  water  in  the  lake  had  risen  to 
about  the  bottom  of  the  stone  facing,  which  also  extended  somewhat 
below  the  berm,  it  had  saturated  also  the  imderlying  bank.  Of  itself, 
even  when  saturated,  this  material  was  probably  stable  on  the  given 
outer  slope,  but  in  this  condition  it  was  not  able  to  sustain  the  weight 
of  the  stone  facing.  The  weight  of  this  caused  the  underlying  mate- 
'Zf  rials  to  squeeze  out,  and  it  took  a  natural  slope,  as  is  shown  in  the 
section.  The  affair  was  an  unfortunate  occurrence,  but  it  was  not  a 
disaster.  There  was  never,  at  any  time,  the  slightest  danger  of  a 
crevasse  that  would  have  allowed  the  water  of  the  lake  to  flow  out, 
nor  would  there  have  been  if  the  lake  had  been  full.  While  this  con- 
dition was  not,  of  course,  expected,  good  engineering  had  dictated 
precautions  to  provide  for  the  imexpected.  While  it  is  felt  that  the 
Gatun  dam,  if  Duilt  of  the  section  proposed,  would  be  perfectly  safe, 
yet  it  is  intended  to  take  all  the  precautions  to  safeguard  the  structure. 
To  this  end,  it  is  proposed  to  drive  sheet  piling  into  the  ground 
underlying  the  proposed  embankment,  and  carry  them  to  such  a  depth 
that  percolation  here  may  be  reduced  to  a  minimum.  In  the  embank- 
ment, itself,  it  is  proposed  to  build  an  impervious  core  wall  that  shall 
also  be  as  impermeaole  as  possible.  Tlus.  it  seems,  can  best  be  laid 
down  by  the  nydraulic  process.  This  metnod  is  chosen  on  account  of 
the  materials  available,  and  the  climatic  and  labor  conditions  which 
forbid  the  ordinary  puddled  core  wall.  The  experiments  thus  far 
show  that  a  core  can  oe  laid  down  in  water  by  the  methods  proposed 
that  shall  be  practically  impervious.  In  the  Gatun  dam,  on  account 
of  the  methods  to  be  employed,  it  will  be  possible  to  make  this 
impervious  portion  many  times  thicker  than  is  ordinarily  deemed 
necessary  in  a  puddle  wall.  In  order  to  prevent  any  likelihood  of  such 
an  occurrence  as  happened  at  Clinton,  the  upstream  face  of  this  puddle 
wall  is  protected  by  a  big  sand  bank  and  on  the  water  face  of  this  is  to 
be  placed  a  protective  coating  of  the  hardest  and  most  durable  rock 
to  be  found  on  the  Isthmus.  (Plate  135.)  Besides  this  protection,  a 
solid  barrier  of  rock  and  stone  60  feet  thick  and  300  feet  wide  is  placed 
against  the  upstream  toe,  and  this  will  resist  any  sliding  tendency 
which  may  have  been  overlooked  or  imderrated  in  the  slopes  given  to 
the  dam. 


148  BEFOBT  ISTHMIAN  CAKAI.  GOMMISSIOK. 

Plate  64  is  a  view  of  the  experimental  tank  on  its  west  side.  In  the 
foreground  is  the  overflow  for  washing  out  material.  To  the  left  is  an 
auxmary  tank  for  holding  constant  pressure  on  the  main  tank.  On 
the  sides  of  the  main  tank  are  shown  tne  gauge  glasses  for  observing  the 
height  of  saturation  in  the  embankment.  In  the  center  is  the  inflow 
pipe  which  brings  the  material  from  the  pumps. 

Plate  65  is  a  near  view  of  the  intake  pifje  and  valves,  and  imme- 
diately below  is  the  outlet  where  the  water  is  discharged  after  having 
dropped  its  load  of  sand  and  elkj  in  the  dam.  This  pipe  raises  the 
material  about  27  feet  above  the  barge  in  which  it  is  brought  up  the 
river. 

Plate  66  shows  the  inside  of  the  tank  during  dam  construction. 
The  wooden  box  which  regulates  the  discharse  may  be  seen,  also  the 
slope  of  the  material  during  its  deposition,  and  the  solidity  of  it  imme- 
diately after  pumping  may  be  judged  by  the  weight  of  the  man  stand- 
ing thereon.     The  material  where  he  stands  is  about  3  feet  deep. 

Plate  67  is  a  view  of  the  easterly  side  of  the  experimental  tank  in 
which  is  being  constructed  the  model  dam. 

SLOPS  OF  SATUBATION. 

On  Plate  136  are  shown  sections  of  dams  and  slopes  of  saturation 
found  by  bodn^  made  in  the  earth  dams  of  the  Croton  drainage  area 
by  the  board  oi  engineers  who  examined  the  plans  for  the  construc- 
tion of  the  earth  portion  of  the  New  Croton  (N.  Y.)  dam  in  1901. 
The  slopes  of  saturation  downstream  from  the  core  walls  are  shown  as 
follows: 

Table  S.-^hpe  of  foturation. 

Feet  per  100. 

Bog  Brook  dam 30  to  40 

Cannel  dam 35 

Middle  Branch  dam 21 

Titicufldam 10.7 

Amawalk  dam 17  to  14.  7 

These  slopes  are  much  steeper  than  those  observed  in  the  experi- 
mental dam  at  Gatun,  and  are  undoubtedly  due  to  the  materials 
used  and  the  methods  of  construction.    The  board  expressed  that — 

the  slope  of  saturatioQ  in  the  best  embankments  made  of  materials  in  the  Croton 
Valley  is  about  35  feet  per  100,  and,  with  materials  less  carefully  selected,  the  slope 
may  be  20  feet  per  100. 

In  all  of  these  dams  the  slope  of  saturation  seems  greatly  influ- 
enced by  the  permeability  of  the  material  in  place  on  wmch  the 
embankment  is  built.  In  the  case  of  the  Cannel  dam,  either  the 
rock  may  have  been  slightly  porous  or  the  toe  of  the  downstream 
slope  of  such  character  that  the  water  of  percolation  was  led  away  as 
rapidly  as  it  collected.  In  the  case  of  tne  Middle  Branch  dam  the 
matenal  in  the  embankment  was  probably  of  sufficient  porosity  to 
allow  the  slope  of  saturation  to  cut  the  downstream  slope  of  the  dam 
above  the  base  line.  In  all  other  cases  the  materials  below  the  dam 
probably  were  at  least  as  porous  as  those  in  the  dam  and  allowed 
the  water  of  percolation  to  run  freely  away.  In  Plat«s  137  and  138 
are  shown  lines  of  saturation,  as  inoicated.  by  borings  and  observa- 
tions in  the  north  and  south  dikes  of  the  Wachusett  reservoir,  at 
Clinton,  Mass.    The  utility  of  the  core  wall  and  its  action  in  restrain- 
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ing  the  flow  of  water,  is  remarkably  attested  by  these  diagrams, 
which  need  no  other  explanation.    These  dikes  are  similar  to  the 

Eroposed  Gatun  dam,  and  the  rate  of  seepage  through  them  and  the 
eight  and  character  of  the  saturation  slope  are  most  pertinent  to 
this  discussion. 

When  a  dam  is  first  constructed,  then  is  the  period  under  ordinary 
conditions  of  maximimi  saturation  slope,  and  therefore  maximum 
dischaige.  If  at  that  time  the  slope  of  saturation  cuts  the  down- 
stream slope  of  the  dam  at  an  elevation  not  higher  than  the  point 
where  the  downstream  slope  cuts  the  horizontal  base  line,  the  con- 
dition is  one  of  safety.  This  statement  is  conditioned  by  the  pro- 
viso that  the  foimdation  is  stable.  The  experiments  at  Gatun  seem 
to  show  that,  as  might  be  expected,  the  hydraulic  grade  line  upstream 
does  not  b^n  at  the  surface  of  the  water  when  the  embankment  is 
sloping,  but  b^ins  at  a  point  the  elevation  of  which  is  equivalent 
to  the  total  head  less  the  nead  lost  in  forcing  the  water  through  the 
face  of  the  embankment.  As  the  upstream  slope  is  more  and  more 
compacted  by  the  water,  and. as  an  impervious  coating  is  foimd  on 
the  slope,  due  to  the  silt  and  other  materials  in  suspension  in  the 
water,  the  elevation  of  this  point  grows  less  and  less,  the  slope  of 
saturation  becomes  flatter,  and  the  discharge  also  becomes  less. 
The  dam  is  "silting  up."  The  exp>eriments  on  model  dam,  Type 
I  (Plate  139),  show  that  this  slope  would  have  cut  the  base  line  at  a 
point  about  100  feet  upstream  from  the  point  where  the  downstream 
slope  would  have  cut  tne  base  line.  This  condition  would  have  been 
one  of  safety,  and  the  probability  is  that  additional  security  would 
have  accrued  as  time  went  on.  In  the  proposed  dam,  if  the  foim- 
dation were  absolutely  impermeable,  the  saturation  line  in  time 
imdoubtedly  would  cut  the  base  line  at  its  junction  with  the  given 
downstream  slope.  To  do  this  the  slope  of  saturation  must  flatten 
and  the  seepage  decrease  proportionately.  From  the  seepage  inves- 
tigations it  appears  that  the  sandy  clay  layer  near  the  surface  is 
Erobably  not  much  different  in  its  transmission  constant  than  will 
e  the  material  in  the  dam  itself.  On  this  account  the  slope  of  satu- 
ration in  a  dam  built  similar  to  Type  I,  previously  described,  un- 
doubtedly would  cut  the  base  line  at  some  distance  back  from  the 
slope  of  the  dam.  The  location  of  this  point  will  depend  somewhat 
on  the  elevation  of  the  ground-water  table.  Under  this  condition 
the  dam  would  have  ample  security. 

The  total  maximum  rate  of  seepage  through  the  model  dam — 
Type  I — under  a  head  of  85  inches  of  water  was  at  the  rate  of  1 1 7  gal- 
lons per  twenty-four  hours,  or 

117 
7  48 X 24 X 60 X66 X 6  hg'*^*^^^  ^"'  ^'  ^^  ^^'  P®^  ^^^'  ^^'  ^'  ^1*^^- 
Under  a  head  of  45  inches  of  water,  the  total  seepage  was  at  the 
rate  of  37  gallons  in  twenty-four  hours,  or 

37 
7  48 X 24x 60 X 60 X 6  08 "^ 0-000009  cu.  ft.  per  sec.  per  lin.  ft.  of  dam. 

The  head  in  the  second  case  is  but  little  more  than  one-half  that  in 
the  firet.  The  areas  exposed  to  the  water  pressure  also  vary  in  about 
the  same  proportion.  The  slope  of  saturation  in  the  first  case  is  about 
double  that  m  the  second.  From  the  above  it  appears  in  the  second 
case,  if  the  area  exposed  had  been  one-half  and  tne  pressure  applied 
one-half  of  that  used  in  the  first  case,  the  flow  would  have  been  aoout 
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one-<juarter,  if  the  slope  lines  could  have  been  continued  to  the  base 
line  in  each  case.  The  conditions  then  would  be  comparable.  To 
compare  results,  refer  to  Plate  139. 

Case  I. — Forty-five^nch  head. 

AC  =  2.79  Pressure  on  AB = AC -iAB  =  2.50    ' 

AB=0.58  PressureonBC=  iBC  =  1.10 


CB  =  2.21  Using  unit  areas  horizontally. 

BD  «  AS = 65.0  (a)  Area  AB  =  AB  =  0.58  square  feet. 

AE  =  82  (6)  Area  BC  =  BC  =  2.21  square  feet.  * 

p     2.21 
To  reduce  these  to  an  equivalent  area  having  a  slope  F  =  -kr-  =  1 '  29.4 

{b)  is  already  in  this  condition. 
.V  p     2.50     ,  ^^ 

^^^17 -65".=  1^2^ 
The  dischar^  per  unit  varies  as  the  slope,  therefore  to  reduce 

(a)  to  (ft) 

unit  area  (a) :  unit  area  (jb)  :  ike  : 


26  "  29.4 

29.4 
Multiply  unit  area  (a)  X  ^^  =1.13 

(a)  0.58X1.13=0.66 
(ft)  2.21X1.00  =  2.21 


2. 87  =  Equivalent  area  under  slope  1 :  29.4 

Also^  if  the  slope  had  extended  to  E,  as  the  slopes  are  equal,  the 

2.79 
disoharo:e  would  vary  as  the  areas,  therefore  in  the  ratio  ^^  =  0.97, 

or  the  dischai^e  at  E  would  be  0.97  X  that  observed  at  S. 

Case  II. — Eigkty-Jive'inch  head. 

FP  =  5.54  Pressure  on  FG  =  FP-J  FG=4.75 

FG  =  1.58  Pressure  on  GP  =  iGP  =  1.98 


GP=3. 96  Using;  unit  areas  horizontally. 

GK  =  56.0  (a)  Area  GP  =  3.96  square  feet. 

FM  =  78.4  (ft)  Area  GF  =  1.58  square  fe-et. 

To  reduce  these  to  an  equivalent  area  having  a  slope  ^  =   I7,  =  1 : 1 4. 1 

(ft)  is  already  in  this  condition. 

(a):(6)::jy-g:y^  =  }{;^J  =  1.20 

(a)  =  1.58X1.20  =  1.89 
(6)  =  3.96X1.00  =  .3.  96 


5. 85  =  Equivalent  area  under  slope  of  1 :  14.1 
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Also,  if  the  slopes  had  extended  to  ^'M/'  as  the  slopes  are  equal, 

5.54 
the  discharge  would  vary  as  the  areas,  therefore  in  the  ratio  c'oc  =0.95, 

or  the  discharge  at  M  would  be  0.95  X  that  obtained  at  S. 
Comparing  now  the  above  discharges  and  slope 

Case    I. — q  =  0.97  X  discharge  at  S. 

Slope  =  1 :  29.4 

Case  II. — q  =  0.95  X  discharge  at  S 

Slope  =  1:14.1 

Discharges  under  the  same  pressure  through  unit  area  vary  inversely 

as  the  lengths.     Thus,  unit  area  I  :  unit  area  II  ::  ^q-t  .nrFi»  ^^  ^^ 

14.1  1 

the  ratio  ^cTa   =  208'  ^^^^  ^'  ^^®  discharge  per  unit  area  of  II  is 

5.85 
2.08  times  that  of  I.     The  areas  of  II  and  I  vary  as  2^  =  2.04. 

Then  the  discharge  of  II  should  be  2.04x2.08  =  4.24  that  of  I.  The 
increased  discharge  of  I  may  be  due  to  two  causes:  One,  the  water 
stops  on  the  bottom  which  affect  the  area  in  I  in  greater  dcCTee  than 
in  II;  and  the  other,  to  the  coarse  material  that  was  washed  from 
the  rear  end  of  the  tank  and  deposited  in  the  front  end  just  after 
the  unstable  material  mentioned  above  was  washed  out,  which 
would  also  have  greater  effect  on  I  than  on  II.  On  this  account  it 
appears  that  it  would  have  been  better  to  have  washed  out  all  of  the 
material  at  this  time  and  started  afresh  with  construction.  If  this 
had  been  done  the  slope  line  would  undoubtedly  have  been  nearer 
a  regular  curve  slightly  concave  upward,  and  the  probability  is  that 
the  discharge  in  both  I  and  II  would  have  been  reduced.  A  com- 
parison of  the  outlines  of  the  proposed  dam  and  the  model  dam  and 
reference  to  the  slope  of  saturation  shown  in  the  model  indicates  that 
if  the  proposed  dam  were  constructed  bv  methods  similar  to  those 
employed  in  model  dam  type  I,  but  with  a  3:1  slope  on  the  down- 
stream side  extending  to  the  base,  the  leakage  would  probably  be 
proportional  to  that  actually  found  in  model  type  I. 

TTie  Gatun  dam  has  been  estimated  to  be  about  1^  miles  long,  but 
this  length  refers  to  the  crest  line,  which  is  50  feet  above  the  nigh- 
water  line.  In  the  main  this  dam  follows  ridges  of  hills  in  which  the 
solid  rock  either  outcrops  or  comes  nearly  to  the  surface.  The  dam 
is  spoken  of  as  being  135  feet  high  and  exposed  to  85  feet  of  water, 
but  this  is  only  in  the  maximum  section,  wnere  it  crosses  the  valleys. 
Taken  between  the  rock  in  the  hillsides  and  excluding  the  masonry 
dam  in  the  spillway,  the  actual  length  of  the  dam  and  the  pressure 
against  it  are  shown  in  the  following  table: 

Table  9. — Head  on  dam. 


Water. 


0  feet  (high  water,  +86') 

10  feet 

aofeet 

:«)feet 

40  feet 


Pressure. 

length 
exposwi. 

Lb$.per 
tq,  tfi. 

Feet.      ' 
6.100  1 
5,000 
4,800 
4,600 
4,300 

4.33 

8.46 

12.09 

17.33 

Water. 

Preeaure. 

Lbt.  per 
sq.  in. 
21.05 
25.98 
30.31 
34.04 
36.81 

Length 
exposed. 

fiOfeet 

Feet. 
4,100 

00  feet 

2,700 

70  feet 

2.000 

80  feet 

i.eoo 

86  feet  (sca  level) 

600 
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The  seepage  in  the  model  dam  (Type  I)  was  at  the  rate  of  0.00003 
cubic  foot  per  second  per  linear  foot  of  dam.  As  the  discharge  varies 
BS  the  areas  under  similar  conditions,  in  the  actual  dam  this  seepage 
would  be  at  the  rate  of  0.00036  cubic  foot  per  second  per  Unear  foot 
of  dam  of  maximum  section.  If,  now,  the  rock  ridee  in  the  hills 
were  just  as  permeable  as  the  biult-up  dam  imder  the  entire  crest 
line,  the  seepage  would  be  0.00036X5,100  =  1.84  cubic  feet,  or  13.77 
gallons,  per  second,  and  equivalent  to  about  5}  ordinary  water  pails 
mil  per  second.  This,  however,  is  a  condition  based  on  a  discharge 
if  the  dam  were  cut  off  at  a  point  where  the  3  on  1  upper  slope  on  the 
downstream  side  would  intersect  the  base,  and,  xmaer  probable  con- 
ditions, this  would  be  reduced  somewhat.  If  the  rocks  in  the  hills 
are  also  considered  impermeable  the  seepage  would  probably  be 
reduced  about  25  per  cent.  The  total  seepage  therefore  might  be 
about  10  gallons  per  second.  A  safe  estimate  therefore  is  12  gallons, 
or  1.6  cubic  feet,  per  second. 

Below  sea  level  the  area  in  the  gorges  is  about  384,000  square  feet. 
This  whole  area,  no  matter  what  its  depth,  is.  of  course,  exposed  onlv 
to  the  pressure  due  to  85  feet  of  water,  and  tne  length  through  which 
the  water  would  have  to  percolate  could  be  not  less  than  the  length 
of  the  hydraulic-fill  portion  on  the  natural  surface,  say  about  1,200 
linear  feet.  Neglecting  now  the  frictional  loss  in  forcing  its  waj 
through  the  surface,  and  considering  that  the  water  pressure  is 
applied  directly  to  a  perpendicular  face  immediately  under  the 
upstream  toe,  and  a  clischarge  through  a  similarly  perpendicular 
face  1,200  feet  north  imder  the  downstream  toe,  we  have  85  feet  of 
water  applied  to  a  section  having  an  area  of  384,000  square  feet  and 

a  thickness  of  1,200  feet.     This  gives  a  hydrauKc  grade  .  ==  r^g  =  fA' 

which,  it  will  be  noted,  is  about  the  same  as  that  found  for  the  con- 
ditions under  85  inches  head. 

Assuming  that  the  discharge  was  0.00003  cubic  foot  per  second 
per  unit  width,  an  assumption  entirely  on  the  safe  side,  the  height  of 
the  unit  area  is  5.54  square  feet,  and  therefore  the  discharge  per  square 

foot  =  ^-^^PP^  =  0.0000054  cubic  foot  per  second.     On  this  basis  the 
5.54 

total  discharge  under  the  dam  would  be  384,000X0.0000054  =  2.14 

cubic  feet  per  second  for  the  cross  section  below  sea  level.     Dividing 

this  amount  by  the  area  below  sea  level  and  the  porosity  (say,  about 

0.36),  and  bearing  in  mind  that  0.25  foot  per  second  is  said  to  be  the 

velocity  of  current  that  will  move  clay,  a  figure  is  arrived  at  that  seems 

to  offer  a  reasonable  factor  of  safety.     Even  if  there  were  some 

coarser  streaks  that  would  let  water  through  at  a  faster  rate,  there 

seems  to  be  sufficient  leeway  on  the  side  of  safety. 

Cubic  feet  per  second. 

Above  sea  level 1. 60 

Helow  sea  level 2. 14 

Total 3.74 

86,400X3.74  =  323^200  cubic  feet  per  day,  or  about  2,500,000  gal- 
lons per  day.  This  is  on  the  basis  that  the  entire  valleys  below  sea 
level  are  porous  and  permeable,  which  is  not  the  case.  As  the  results 
of  experiments  at  Clinton,  Mass.,  Mr.  F.  P.  Steams"  gives  the  follow- 

o  Tranfl.  Am.  Soc.  C.  E.,  Vol.  XLVIII,  p.  270. 


REPOKT  ISTHMIAN   CAKAL  COMMISSION — ^APPENDIX  E.         158 

ing  table,  columns  2  and  4  being  added  for  the  purposes  of  this 
di^ussion: 

Table  10. — Amounts  of  filtration  in  gallona  per  day  ihrouah  an  area  of  10,000  square 
feet  of  different  materials  with  a  toss  of  head  ofl  foot  in  10. 

[Figures  reduced  to  a  loss  of  head  of  1  in  14  are  given  In  tbe  last  column.] 


,    Relative  '  IxMsofhead. 

Material.  Iperm«tbil-      _ 

8ol1-r   I         1:10.  1:14. 


Coarse  sand ;  4,  .120 

Medium  sand 786 

Fine  sand I  170 

Very  fine  sand '  14 

Soil I  1 


2.200.000  1,570,000 

400.000  I  285,000 

90.000  64.400 

7.200  1  5,100 

510  ,  360 


700  QOQ  "^  35,700  gallons  per  10,000  square  feet  area  in  the  actual 

dam.  This,  it  will  be  observed,  is  somewhat  less  than  for  '^fine 
sand"  given  in  the  table  above.  If,  therefore,  the  entire  super- 
structure and  foundation  were  composed  of  fine  sand,  there  nught 
be  expected  the  seepage  estimated.  The  projected  area  of  the  dam 
above  sea  level  is  stbout  316,000  square  feet.  The  analyses  of  the 
[  materials  pumped  into  experimental  dam  (see  Table  7)  show  that 

^        the  effective  size  of  the  materials  there  corresponded  to  the  desig- 
r  nation  of  **fine  sand."     The  seepajp^e  investigations  seem  to  show 

'  that  the  materials  in  the  foimdation  are  similar  to  those  in  the 

experimental  dam. 

Investigations  of  the  conditions  in  the  hills  and  valleys  and  in 
experimental  dam.  Type  I,  also  giving  consideration  to  the  sheet 
piling  to  be  driven  across  the  goi^es,  and  the  reduction  of  seepage 
that  will  probably  be  shown  in  experimental  dam.  Type  II,  seem 
to  show  that  2,000,000  gallons,  or  aoout  270,000  cubic  feet  per  day, 
is  an  ample  amount  to  cover  leakac^e  at  the  Oatun  dam.  This 
amount  is  based  on  all  the  material  in  the  foundation  being  as 
permeable  as  that  found  in  the  experimental  dams.  As  shown  by 
the  analyses,  the  conditions  give  a  very  much  exaggerated  effective 
size  and,  therefore,  discharg^.  Based  on  that  determination,  the 
seepage  through  the  foundation  would  probably  l>e  not  more  than 
5  per  cent  of  that  given  above. 

PRACTICAL  EXPLORATION   METHODS  AND   RESULTS. 

The  site  of  the  proposed  dam  at  Gatun  has  been  thoroughly 
explored.  The  results  of  this  work  are  here  set  forth,  and  all  the 
samples  are  on  file  and  subject  to  inspection.  As  a  part  of  this 
discussion,  there  are  attached  the  records  of  the  individual  bore 
holes.  In  the  following  description  it  is  not  intended  to  go  into 
detail,  but  to  consider  the  exploration  as  a  whole  and  bnng  out 
salient  points  and  special  features  that  appear  to  show  the  general 
condition  of  the  materials  that  will  underlie  the  proposed  Gatun  dam. 

TB8T  PITS. 

The  most  complete  information  regarding  underground  conditions 

is  obtained  by  test  pits.     As  the  surface  layer  of  soil  is  usually 

^  ♦        weathered  and  more  or  less  disintegrated  by  vegetation,  it  is  cus- 
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ternary  in  earth-dam  building  to  remove  this  portion.  For  this 
purpose  a  number  of  shallow  test  pits  were  dug,  and  from  the  infor- 
mation thus  secured  it  appears  that  soUd  ground  may  be  had  by 
stripping  the  area  under  the  proposed  dam  to  a  depth  of  from  IJ 
to  3  feet,  depending  on  the  location.  Besides  the  above,  two  deep 
test  pits  have  been  dug.  One  is  in  the  head  of  the  spillway  and  is 
through  soKd  rock  to  an  elevation  of  —33.5.  This  pit  was  10  feet 
square  and  has  a  total  depth  of  80  feet.  The  geological  formation 
passed  through  is  shown  on  Plate  140.  The  strata  passed  through 
was  typical  of  that  encountered  in  excavation  and  driilmg,  both  in  the 
spillway  and  lock  site.  They  were  firm  enough  to  keep  the  sides 
or  the  pit  vertical  for  the  entire  depth^  with  omy  a  few  stay  braces 
to  keep  pieces  on  the  sides  from  railing  down.  All  of  the  strata 
encountered  seemed  badly  seamed^  and  through  these  seams  came 
large  quantities  of  water.  This  water  seemed  to  come  mostly  from 
the  upper  portions  of  the  formation,  but  reached  a  level  at  about 
grade  +7  or  +8.  It  greatly  increased  as  the  rains  became  more 
frequent  until  it  reached  an  inflow  of  about  60,000  to  80,000  gallons 
per  day.  As  the  hill  is  practically  cut  off  by  the  surrounding  river 
gorges,  and  as  the  water  was  observed  to  be  following  down  the 
excavation  through  cracks  and  joints,  it  was  apparent  that  the  flow 
was  coming  from  local  sources  and  that  the  elevation  of  the  per- 
manent ground  water  was  at  about  this  height.  The  rock  strata 
dips  northerly  from  this  point,  and  bore  holes  in  the  spillway  were 
affected  slowly  by  the  rise  or  fall  of  water  in  this  pit,  due  to  the 
stopping  of  pumping. 

The  materials  found  were  of  varying  degrees  of  hardness.  All 
could  be  excavated  by  pick,  but  this  process  would  have  made  prog- 
ress very  slow.  Chum  drilling  by  hand  was  resorted  to,  the  noles 
were  quickly  put  down,  and  then  the  material  broken  up  by  blasting. 
Some  of  the  material,  the  conglomerate  and  some  of  the  coarser  sand- 
stone, although  hard  and  firm  in  place  rapidly  disintegrated  when 
exposed  to  air,  and  became,  after  a  short  exposure,  similar  to  sand 
and  gravel.  Observations  in  the  pit  itself  and  from  permeability 
tests  made  in  the  laboratory  showea  that  all  of  the  rock  encountered 
in  this  pit  was  practicallv  impervious  in  itself.  The  water  comes 
almost  exclusively  from  tlie  joints  in  the  formation.  The  layer  of 
conglomerate  between  elevation—  1.4  and  —  23.2  seems  to  be  the  reser- 
voir for  the  water  that  is  encountered  in  tliis  location.  Although  not 
able  to  be  demonstrated  beyond  question  in  this  test  pit,  yet  from 
evi^jience  here  and  in  the  diamond-drill  holes,  it  seems  probable  that 
the  bulk  of  the  water  is  held  in  the  disintegrated  portions  of  this  strata^ 
and  has  passage  along  the  joints  from  one  plane  to  another  more  or  less 
freely.  (Plate  136,  ng.  1).  In  the  test  pit,  and  in  the  majority  of  the 
drill  holes,  this  layer  is  compact  and  impervious  in  itself.  In  the  test 
pit  there  was  a  hole  uncovered  6  inches  in  diameter  and  reaching  10 
or  12  feet  into  the  side  of  the  hill  in  this  formation.  A  great  part  of 
the  water  poured  from  tliis  hole,  which  some  material  found  m  it 
showed  was  undoubtedly  left  by  the  decaying  of  a  log  of  wood.  Be- 
sides the  water  due  to  the  rains,  the  most  noticeable  increase  has  come 
since  the  blasting  has  been  nearing  the  pit.  This  has  undoubtedly 
opened  up  joint  planes  that  have  let  in  this  free  flow  of  water.  This 
action  of  the  blasting  should  be  taken  into  consideration  when  the 
inasonr}'  of  the  spillway  is  put  in. 
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At  a  distance  of  from  40  to  50  feet  below  sea  level  is  a  layer  of  rhyo- 
lite,  apparently  forming  a  firm  and  solid  stratum.  A  curtain  wall  let 
down  to  this  layer  would  undoubtedly  furnish  ample  protection  against 
any  entrance  of  water  from  the  lake  to  the  seams  and  cracks.  At  the 
upper  end  of  the  spillway  the  diamond  drills  encountered  a  layer  of 
wnat  appeared  to  oe  clay  and  gravel,  but  farther  north  on  the  axis 
solid  rocK  was  excavated  which  gave  complete  cores.  This  layer  was 
probably  the  layer  of  conglomerate  found  in  the  test  pit  and  mentioned 
above,  which  had  become  disintegrated  by  weathering  when  anciently 
exposed  on  the  hillside  at  the  time  when  the  river  was  cutting  the  de^n 

forges.    It  weathered  back  for  a  short  distance  and  then  the  rock 
ecame  sound. 

The  second  pit  is  on  Gatun  Island  on  the  center  line  of  the  dam  and 
about  halfway  between  the  present  Chagres  bed  and  the  French  canal. 
This  pit  was  laid  out  at  the  top  20  feet  square,  and  the  bottom  has 
now  reached  elevation— 80  or  90  feet  below  the  surface  of  the  ground. 
The  geological  structure  of  the  materials  is  shown  in  Plate  141.  Very 
little  water  comparatively  has  been  encountered.  Until  its  limit  of 
hoist  was  reached,  a  small  pulsometer  working  intermittently  took 
care  of  all  the  water.  Since  that  time  a  boiler-feed  pump  has  been 
used,  and  the  measured  flow  has  been  at  the  rate  of  20,000  to  25,000 
gallons  per  day.  Dail^  measurements  have  been  kept,  but  there  has 
been  no  noticeable  vanation  since  leaving  the  layer  or  blue  sandy  clay 
near  the  surface.  It  seems  that  all  the  water  is  coming  from  tliis 
location,  either  through  or  behind  the  sheet  piling.  Plates  70  and  71 
show  this  pit  under  construction.  Plate  70  shows  a  general  view  of 
the  surface  conditions  at  the  mouth  of  this  pit.  Wnen  taken,  the 
bottom  of  the  pit  was  at  elevation— 50,  and  on  August  25  it  was  at 
elevation— 78,  the  steel  sheet  piling  having  been  successfully  driven 
and  no  difficulties  bein^  encountered  in  the  excavation.  Plate  71  is 
a  view  of  the  pit  showing  the  method  of  bracing.  A  40-foot  steel 
sheet  pile  is  hanging  on  the  chain  and  is  ready  to  be  put  into  the  pit. 
Driving  leads  shown  to  the  left.  This  pile  is  one  of  the  set  being 
driven  in  the  bottom  of  the  pit,  and  when  in  place  their  points  will  be 
at  a  distance  of  90  feet  below  sea  level.  Twelve  piles  had  already 
been  driven  when  this  view  was  taken. 

The  first  30  feet  of  the  pit  was  sheeted  with  ordinary  wooden  tim- 
bering, and  the  remaining  70  feet  was  protected  with  interlocking 
steel  sheet  piling.  All  of  the  bracing  was  octagonal,  thus  leaving  a 
clear  open  space  in  the  center.     The  description  of  the  materials 

f>assed  through  is  given  later  in  the  general  description  of  the  materials 
ound  in  the  valley.  No  settlements  of  any  kind  have  occurred,  and 
there  has  not  been  the  slightest  tendency  at  anv  time  for  tlie  bottom 
to  rise  up.  Wlien  the  bottom  of  the  first  set  oi  steel  sheet  piling  was 
reached,  the  excavation  was  65  feet  below  the  surface,  in  the  layer  of 
clay  and  shells.  This  laver  was  so  solid  and  impermeable  that  eveiy 
shovelful  had  to  be  picked  with  difficulty.  On  the  sides  next  the 
sheeting,  the  material  only  a  few  inches  in  thickness  stood  upright 
for  3  or  4  feet,  although  water  was  trickling  down  over  it.  The 
layer  was  so  compact  that  the  bottoms  of  the  sheet  piles  were  sprung 
out,  leaving  at  this  depth  openings  between  them  in  places  6  to  8 
inches,  ana  in  other  places  it  had  been  impossible  to  drive  some  of 
the  piles  way  down.  When  it  is  remembered  that  the  pile  driver 
seen  (Plate  71)  was  continually  driving  steel  pilmg  in  this  ])it,  and 
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that  the  opening  spoken  of  above  were  unprotected  during  the 
work,  the  condition  of  the  ground  for  70  feet  Delow  the  surface  can 
be  realized.  So  far  as  can  be  judged  by  careful  study  of  the  numer- 
ous samples  from  the  bore  holes  in  this  vicinity,  and  comparing  them 
with  the  conditions  visible  in  the  test  pit,  it  appears  that  the  entire 
location  across  the  gorges  is  composed  of  materials  not  radically 
differing  from  those  exposed  here. 

KSY8TONB   DIULLS. 

On  Plate  72  is  shown  the  keystone  drill  at  work.  The  samples  are 
taken  by  dropping  the  heavy  steel  barrel  which  the  man  in  the  center 
is  holding,  ana  working  it  up  and  down  in  the  hole  until  the  sample 
is  driven  into  the  barrel.  The  barrel  is  then  raised  and  the  sample 
forced  out.  In  the  foreground  are  some  of  the  samples,  the  largest 
shown  being  18  inches  long.  Plate  73  shows  full-size  cores  from  this 
drill.  The  one  on  the  left  is  clay  with  some  rotten  wood,  but  the 
sample  is  compact  and  impervious.  On  the  left  is  the  blue  sandy 
clay  forming  tne  strata  through  which  it  is  proposed  to  drive  sheet 

1)iling.     As  this  material  contains  some  water  and  covers  a  more  or 
ess  extensive  area,  it  is  proposed  to  take  every  precaution. 

Except  the  test  pits,  tnis  machine  has  given  ttie  best  information 
regarding  the  materials  underground.  It  was  first  located  about 
200  feet  east  of  the  test  pit.     The  samples  taken  with  this  drill  are  ^ 

about  2.V  inches  in  diameter,  and  a  contmuous  drive  sample  has  been 
taken  from  the  surface.  Almost  no  waiting  has  been  done  except  to 
lower  the  casing  through  the  layer  of  sandy  clay.  Therefore  a  per- 
fectly representative  section  of  the  valley  deposit  is  available  for 
studv. 

WASH  DRILLIKG. 

Olassification  of  samples, — ^Wherever  possible  drive  sampler  have 
been  talcen  of  all  the  materials  passed  through,  and  no  pains  or  time 
have  been  spared  to  accomplish  this  result.  This  was  done  because 
it  was  felt  that  only  by  this  means  could  accurate  knowledge  of  the 
actual  condition  of  the  materials  below  the  ground  be  obtained. 
The  wisdom  •f  this  method  is  made  apparent  by  examining  Plates 
74  and  75.  These  are  views  of  two  samples  taken  at  similar  eleva- 
tions at  the  bottom  of  the  gorge,  and  show  full  sized  and  very  plainly 
the  character  of  the  material  here  and  its  properties  as  a  freely  water- 
bearing medium.  In  the  center  of  each  photograph  are  the  ** drive'* 
or  *^dry"  samples  taken  in  place  by  the  core  barrel.  Outside  of 
them,  toward  the  margin,  the  piles  of  sand  and  gravel  show  the 
characteristics  of  this  material  as  obtained  from  wash  samples.  The 
samples  were  obtained  by  washing  out  portions  of  the  *Mry''  samples 
near  by.  The  result  is  material  similar  in  every  way  to  the  "wash'' 
samples  of  these  and  other  holes.  The  samples  from  these  holes  are 
exactly  similar  to  those  taken  from  hole  1054,  which  is  in  the  immedi- 
ate vicinity.  In  neither  of  these  holes  was  there  any  difficulty  from 
water,  although  some  was  found  in  the  holes.  Hole  1054  was  flow- 
ing because  the  casing  was  at  a  lower  elevation.  A  hole  not  far 
from  these,  and  on  the  center  line  near  the  test  pit,  had  similar  mate- 
rial in  its  bottom,  and  it  was  possible  to  bale  tliis  hole  100  feet  with 
an  ordinaiy  IJ-inch  pipe  with  a  flat  valve  in  the  bottom.     The  views  ^ 
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of  the  diy  samples  are  ample  evidence  of  the  impenriousness  of  this 
material  and  its  inability  to  allow  the  passage  of  water. 

At  various  times  on  tbos  work  there  have  been  from  12  to  15  differ- 
ent foremen,  and  these  of  all  stages  of  competency  and  familiarity 
with  the  work.  The  majoritv,  however ,  were  experienced  men.  and 
a  few  had  made  the  origmal  Boring  here  and  were  familiar  witn  the 
conditions  found  heretofore.  This  was  the  case  among  others  of 
the  outside  supervisor  on  this  work  and  was  a  great  advantage. 
Early  in  the  work  it  was  found  that  the  original  foremen's  notes 
taken  in  the  field  were  misleading.  Different  men  had  different 
classifications  for  the  same  material.  Oftentimes  one  foreman  lack- 
ing skill  was  unable  to  get  drive  samples  from  deep  holes  and  reported 
soft  water-bearing  strata.  Another  man  would  go  down  nearoy  and 
get  dry  samples.  Varying  with  the  pressure  of  the  water  used  in 
drilling  and  the  amount  used,  similar  material  would  show  entirely 
different  characteristics.  In  the  clay  and  rotten  wood  layers,  one 
hole  would  be  driven  through  a  stump  or  log,  and  the  material  soft 
with  water  when  washed  up  would  be  classed  as  mud.  The  test  jiit 
and  keystone  drill  did  considerable  to  straighten  out  this  matter. 

It  seemed  that  the  best  results,  however,  could  be  obtained  as 
follows:  When  the  samples  came  in,  accompanied  by  the  foreman's 
record,  they  were  carefully  looked  over  as  soon  as  possible  and  com- 
pared with  the  foreman's  classification.  One  man  was  practically 
continuously  emploved  on  this  work,  and  he  soon  became  expert 
enough  to  readily  classify  materials  from  all  of  the  parties,  so  tnat, 
while  not  deviating  from  the  foreman's  report,  samples  of  similar 
material  would  be  given  the  same  classification.  Minute  differences 
as  to  color,  condition  of  material,  etc.,  were  noted  when  they  occurred. 
These  determinations  appear  in  detail  on  the  separate  sheets  of  the 
holes. 

When  the  time  came  for  making  this  report,  all  the  samples  were 
a^ain  gone  over  independent  of  the  original  records,  and  materials 
differing  only  in  minor  matters  were  grouped  under  a  general  classi- 
fication. Alter  they  had  been  so  grouped,  they  were  checked  by 
reference  to  the  original  records.  In  this  way,  it  is  felt  that  the  near- 
est approach  is  made  to  the  actual  manner  in  which  the  materials 
are  laid  down  in  the  valley.  An  example  of  this  classification  is 
shown  in  the  record  of  Hole  1094.     (Plate  142.) 

On  Plate  76  is  shown  a  wash  drill  gang  at  work.  In  the  foreground 
are  the  lengths  of  *' drive"  rods  to  be  screwed  together  and  lowered 
into  the  hole.  Back  of  these  are  2i-inch  ** casing"  pipe  which  is 
driven  down  the  hole  to  protect  it  from  filling  if  the  materials  passed 
through  are  loose  and  unconsolidated.  In  working  this  drill,  water 
under  pressure  is  admitted  to  the  hollow  drive  pipe  through  a  swivel 
near  the  hook  on  the  lower  block.  The  men  on  the  rope  now  jerk 
the  pipe  up  and  down,  and  the  water,  passing  down  inside  the  rods, 
washes  out  the  material  at  the  bottom.  As  the  water  rises  in  the 
casing  outside  the  drill  rod,  it  brings  up  the  materials  encountered 
in  the  hole,  and  these  are  caught  as  **wash"  samples.  The  water 
rising  can  be  seen  near  the  top  of  the  pipe.  It  can  l>e  readily  under- 
stood that  the  samples  obtained  in  tliis  manner  are  thoroughly 
washed  and  cleaned,  and  that  only  the  coarser  parts  are  easily  caught. 
Except  by  judgment,  no  reHable  knowle<lge  of  the  materials  is 
secured  in  tnis  way.    Oftentimes  materials  have  been  classified  as 
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gravel  or  sand  by  an  ignorant,  or  what  is  worse,  an  indolent  fore- 
man, when,  in  reality,  they  were  of  such  material  as  is  shown  in  the 
cores  of  Plates 74  and  75.  ''Drive"  samples  are  taken  with  this  rig 
by  shutting  off  the  water,  and  using  a  sample  barrel  which  is  driven 
down  into  the  material  and  a  sample  taken  of  the  formation  in  place. 
These  samples  are  the  most  to  be  depended  upon  in  forming  an 
opinion  of  the  materials  in  the  ground.  When  150  to  250  feet  of 
heavy  rods  are  down  in  a  hole,  the  need  of  the  men  here  shown  is 
apparent. 

GENERAL  DB8CRIFTION   OF  THE  MATERIALS. 

The  material  under  the  entire  site  from  the  surface  down  to  the 
rock  may  be  generally  classified  as  clay  with  some  sand.  It  ranges 
from  97  per  cent  clay  to  11  per  cent  clay,  being  mixed  with  sand, 
shells,  and  decaved  vegetation,  and  has  been  classified  under  7  sub- 
divisions: 1,  red  clay;  2,  brown  sandy  clay;  3,  blue  sandy  clay;  4, 
blue  clay  and  rotten  wood;  5,  blue  clay  and  shells;  6,  stiff  blue  clay; 
7,  clav,  sand,  and  ^avel. 

i.  lied  clay. — Tlus  clay  is  formed  from  decayed  rock,  and  is  founcl 
overlying  the  rock  on  the  spillway  hill  and  the  hill  beyond  the  west 
diversion.  The  base  of  this  material  is  clay  with  a  mixture  of  sand 
and  decomposed  rock. 

2.  Brawii  sandy  clay. — This  clay  is  an  alluvial  deposit,  and  is  found 
at  the  surface  of  the  old  gorges.     It  is  composed  or  about  50  per  cent  ^ 
each  of  clay  and  sand,  the  sand  jading  from  medium  to  superfine.  ^ 

3.  Blue  sandy  clay. — An  alluvial  deposit  in  the  old  gorges  usually 
underlying  the  brown  sandv  clay,  \vhile  its  base  is  clay,  it  has  a 
sandy  appearance  because  the  sand  it  contains  shades  from  coarse  to 
very  fine.  This  is  the  most  permeable  material  which  has  any  con- 
siderable extent. 

4'  Blue  clay  and  rotten  wood. — An  alluvial  deposit  in  the  old  gorges, 
a  large  percentage  of  which  is  blue  clay.  In  tiiis  material  is  found  a 
fine  sand  and  deca3'ed  vegetation,  the  latter  occurring  in  pockets, 
and,  when  present  in  large  proportion,  giving  the  clay  a  dark  color. 

5.  (lay  and  shells. — An  alluvial  deposit  of  olue  clay  and  sea  shells, 
the  larger  percentage  of  which  is  clay  and  the  remaining  portion  com- 
posed of  shells  and  sand.  The  shells  occur  in  pockets,  and  the  maxi- 
mum proportion  found  was  48  per  cent  of  shells  by  weight,  or  30  per 
cent  by  volume. 

6.  Siijf  blue  clay. — An  alluvial  deposit  of  almost  pure  clay  usually 
found  just  above  the  rock  in  the  old  gorges.  It  is  very  stiff  and  com- 
pact, and  gradually  grades  into  argillaceous  sandstone. 

7.  Clai/y  sandy  and  gravel. — An  alluvial  and  wash  deposit  contain- 
ing small,  angular  fragments  of  hard  rock  found  in  the  oottomof  the 
old  gorges,  usually  overlying  the  rock.  It  is  found  in  pockets,  which, 
while  somewhat  extensive,  do  not  extend  in  a  continuous  layer  under 
the  dam.  In  places  it  is  compact  and  impervious  to  water,  easily 
breaks  dow^  in  a  stream,  and  the  wash  samples  show  a  very  coarse 
gravel.     (Plates  74  and  75.) 

MECHANICAL   ANALYSIS. 

Mechanical  analyses  were  made  of  the  various  materials,  using 
from  2  to  12  samples  of  each,  selected  from  various  localities,  and  an 
average  analysis  of  each  material  was  determined  from  these  analyses.  ^ 
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Drive  samples  only  were  used,  and  the  true  condition  of  the  materials 
as  they  are  in  place  is  expressed.  Plates  143-147  show  typical  bore 
holes.     Plates  148-154  show  mechanical  analysis  curvt\s. 

Four  profiles  were  made  from  borings — one  on  the  dam  axis,  the 
others  parallel  thereto,  one  400  feet  north,  one  300  feet  south,  and  the 
fourth  at  the  north  toe.  From  the  first  three  the  area  of  the  average 
section  of  each  material  was  determined.     (Platen  155, 156,  and  157.) 

Five  cross  sections  through  the  gorge  under  Gatun  Island  at  right 
angles  to  the  dam  axis  (Plates  158,  159,  160,  161,  and  162),  one  cross 
section  longitudinally  through  the  spillway  (rlate  163),  and  one  cross 
section  through  the  west  diversion  (Plate  164)  show  conditions  in  these 
localities.  Taking  the  area  shown  in  the  profiles  and  using  tiazen's 
formula  for  determining  the  velocity  of  water  through  sand,  the 
quantity  that  would  percolate  under  the  dam  in  twenty-four  hours 
was  determined.  This  quantity  was  determined  under  two  condi- 
tions: (1)  Dam  without  sheet  oiling  and  (2)  dam  with  sheet  piling 
across  Gatun  Island  extending  oelow  the  blue  sandy  clay,  the  maxi- 
mum depth  being  —75  and  across  the  west  diversion  extending  to 
—  50.  While  this  west  diversion  gorge  is  deeper,  the  de{>osits  seem 
very  firm  and  resistant  to  the  free  flow  of  water,  and  the  coarse  pock- 
ets found  under  Gatun  Island  do  not  appear  in  the  borings.   'The 

formula  used  was  v  =  (  --  X  -  ^^  )  in  which 

i;=velocity  in  meters  por  day  of  twenty-four  hours. 

c=con8tant  quantity;  500  was  used,  as  the  niaterials  contain  much  day,  and  the 

average  unifonnity  coefficient  is  high. 
d=effective  size  in  millimeters. 

A— head;  85  feet,  the  maximum  head  of  the  lake,  was  used. 
t=  length;  1,200  feet  was  used.    This  is  the  total  length  of  the  hydraulicked  portion 

of  the  dam  at  sea  level. 
t=:temperature  in  degrees  F.==85**  F. 


The  following  results  were  obtained: 


Table  11.— Dam  uithout  sheet  fnliryj. 


Material. 


Rc5d  clay ^ 

Brown  sandy  clay 

Blue  sandy  clay 

Blue  day  and  rotten  wood . . . 

Clay  and  shells 

Stiff  blue  clay 

Clay,  sand,  and  gravel 

ToUl 


Average 

oours. 
Cuhtcfeet. 

Velocity 

Average 

AviTJlgO 

area  of 

per  24 

effective 

unifonnity 

8ection.a 

hours  6 
Feet. 

sl£e. 

• 

coefficient. 

Square  feet. 

177.000 

1,970 

0.0111 

aoo8 

4.1 

35.000 

1.755 

.0502 

.017 

6.0 

190,840 

7,.T70 

.0564 

.018 

5.5 

44.100 

4ft5 

.0112 

.006 

5.5 

42,700 

305 

.O0S5 

.007 

4.3 

110,  .'iso 

1,165 

.OOW 

.0075 

4.1 

24,100 

1.8.W 

.0768 

.021 

22. 1 

573.000 

14.970 

.0202 

.0112 

Average 

clay  and 

sUt. 


Per  cent. 

7,Th 
46.0 
fin.fi 
76.4 
84.  I 
W».fi 


71,6 


a  This  is  the  average  cross  section  of  a  strip  700  feet  wide  under  the  highest  portion  of  the  dam  section 
and  extending  from  Lock  Site  UUl  to  the  high  hills  west  of  the  West  Diversion. 

ft  The  velodty  here  shown  is  that  m  the  entire  cross  section  of  the  material.  The  actual  velocity  of 
the  water  will  bo  probably  from  2^  to  3  times  that  given,  depending  on  the  porosity  and  permeability 
o!  the  materials. 
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Iamlm  12.— i>an  with  piUmg  mrom  G^tbtn  Mb^  md  Weti 


ana  of 

aooza. 

JWJ4 

A.i'i^B 

Aw 

^ 

r 
■ 

c 

• 

s 

JtM*kKj 

aoB 

4.1 

Ftri 

ZL< 

fimwi  maAj '^j 

Mn^  «xid7 '4*-^ 

mn^  ^1*7  4iyl  T-'AUn  9*Md 

fX*"  %rA  4nHl« 

:.:n5 

.«» 
■07 

.n 

S.4 

4.-1 
22.1 

S.1 

•4.8 
71.4 

/>t  ^  '4iS^  1h7 

a.5 

T/rc»i 

«1MR 

«  JII 

•>lja 

•«• 

5.3 

715 

ar.*!  -'xwi    7  .'r^r-  Ij-g^t  -  r*»  .-{..L  'n  "  v»  i-ali  a.ii*  W'»^t  'f  ••n»  W-«t  £  ■-♦-rsion, 

^  .'i#  -  •»-'*•••  -  .v»fi^  «»■.«▼-.  »*  'tAt  .n  tn»»  *j:t.r*»  cr^.^*  tiTr.on  -^f  '  j«»  autt-^nai.    Tb»  Acttal  vdoicxtT  of 
•  0  V4«>>r  r  '  -4^  ^rr»T,^Xj  ir'tm.  2^  to  •;  usw*  uutf  glT^su  itii^csuiag  oc  u&e  pomarf  and  peBo/rnhdaOLj 

Tlrf^  av^raer<*s  at  the  br>ttams  of  colmnns  4  to  7.  inchisiTe,  mesn  little, 
and  are  of  ilw^  only  for  romparatire  pnrposes.  For  as  a  chain  ts  onlv 
ai4  ^Touz  a-4  its  weakest  link,  so  a  sami  bank  is  onhr  as  impermeable 
art  it.s  c/iars<»?-t  pr>rtion.  In  this  ca.-je.  however,  the  coarsest  portion  has 
many  con'lirions  in  it-*  favor  for  otTerinz  resistance  to  flow  of  water, 
e.vfn'  if  it  <ii*l  not  .show  a  seepa^  whirh.  althf>u^h  large  by  com- 
parison, is  vet  much  too  :?maD  to  caij--e  anxiety  of  any  kmd.  In  his 
fiafier  on  tfie  B^^hio  dam,*  the  late  ilr.  Geo.  S.  Morison,  an  enc^ineer, 
who^e  jMdjrnient  on  foundations  was  of  tlie  best,  discusses  the  matter. 
Aft/'r  making  varioiLs  assumptions  which«  in  the  li^ht  of  the  borings 
ma/ie  at  IV>hio,  were  very  conservative,  he  uses  such  a  condition  that 
tltff  value  of  d  was  taken  at  1  mm.,  c  at  1.0».  and  1  at  2,500.  The 
conclu-^ion  arrived  at  was  that  the  velocity  of  the  percolating  water 
woidd  Jx?  at  the  rate  of  O.CKri  foot  per  secontl,  or  173  feet  per  twentj- 
four  hours,  and  tlie  quantity  for  the  whole  area  of  permeable  material 
would  Ik;  40  cubic  feet  per  second.  The  permeable  area  in  the  Bohio 
dam  foundation  (20/XiO  srjuare  feet)  was  alx)ut  that  which  is  called 
'Wlav,  sand,  and  gravel"  in  the  Gatun  gorges.  The  layer  here  is 
friurli  le.sH  r^>ar^e  tiian  that  at  Bohio,  and  probably  contains  a  much 
larjrer  iK*rcentage  of  clay.  Concerning  this  calculation,  which  he  con- 
Mffi'd  to  err  much  too  greatly  on  the  side  of  safety,  he  makes  the 
fr»llowing  statement;  **The  speed  at  which  40  cubic  feet  per  second 
would  Ls.>ue  from  a  surface  equal  to  the  cross  section  of  the  permeable 
lUHterial  is  0.rK)2  ff>ot  per  second.  The  rate  at  which  it  travels 
throiifrh  the  voids  in  tlie  sand,  however,  is  very  much  greater,  but 
wc;ulo  not  exceed  0.008  foot  j>er  second.  While  a  laige  aggregate  of 
water  can  travel  through  a  large  section  of  sand  at  this  low  speed,  the 
7%\H\oi\  is  not  enough  to  move  any  matenal,  except  on  an  open  exposed 
fa^-e  of  a  cjomparatively  steep  slope.  As  the  outlet,  if  any  exists,  is 
c/>nsiderably  inflow  tide  level,  sucn  disturbance  is  impossible." 

Ah  the  velocities  given  in  the  tables  here  are  feet  per  twenty-four 
hours,  Mr.  Morison^  statement  concerning  the  liability  of  dama^' 
by  (KTcolatinir  water  seems  to  apply  with  even  greater  force  to  tms 
ri»ridition  at  Gatun. 
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In  estimating  the  seepage  through  the  clay  Und  shells,  the  analysis 
of  the  clay  portion  alone  was  used,  as  the  power  of  a  material  to 
transmit  water  is  said  to  be  decreased  if  larger  particles  are  added, 
until  30  per  cent  of  the  mass  is  composed  of  the  larger  particles,  and, 
as  the  largest  percentage  of  shells  by  volume  was  30  per  cent,  the 
qu^tity  is  larger  than  it  actually  should  be. 

DIAMOND  DIULUNO. 

Wherever  material  thought  hard  enough  to  core  was  found,  a 
diamond  drill  was  introduced  and  samples  obtained.  Plate  77  shows 
a  diamond  drill  at  work.  This  machine  consists  of  a  solid  iron  frame- 
work, on  which  is  set  the  ^earin^  moved  by  the  handles.  Into  this 
gear  are  keyed  steel  rods  jomted  m  5  or  10  foot  leujgths  with  threaded 
ends,  and  on  the  end  of  tne  rod  a  drill  carrying  a  circular  bit  in  which 
are  embedded  6  or  8  black  diamonds. 

By  means  of  the  gear  the  bit  is  revolved  in  such  a  manner  that  the 
diamonds  cut  a  round  core  similar  to  that  shown  in  Plates  78  and  79. 
As  this  core  is  cut  from  the  solid  rock,  it  rises  into  a  hollow  tube 
called  a  "core  barrel,"  and  can  be  raised  to  the  surface  by  lifting  the 
rods.  Those  shown  on  Plates  78  and  79  are  full  size  and  indicate  the 
appearance  of  the  rocks  in  this  locality.  Plate  80  shows  the  action  of 
the  pebbles  often  f oimd  in  sandstone  and  also  the  probable  occurrence* 
of  a  joint  at  the  point.  The  cores  are  of  solid  rock,  and  experiments 
have  proved  that  it  is  almost  impervious  to  the  flow  of  water.  The 
slant  of  the  sample  to  the  extreme  right  is  probably  due  to  joint 
action.  The  drill  catches  in  this  joint  plane,  tears  out  a  pebble  from 
the  mass,  and  then  proceeds  to  use  this  pebble  to  grind  up  the  core. 
The  result  is  that  rounded  pebbles  due  to  such  a  cause  may  be  recorded 
as  from  a  loose  ^avel  streak  carrying  quantities  of  water,  when  in 
reality  the  rock  is  solid  and  impervious  except  where  rent  by  the 
joint  where  water  is  pressing  for  an  outlet.  Plate  81  shows  the 
method  of  filing  and  preserving  the  samples.  The  general  character 
of  the  rocks  passed  through  is  shown  on  Plates  82  and  83.  Plate  82 
shows  samples  of  the  rhyolite  and  conglomerate.  The  rhyolite  is  the 
most  impervious  of  the  rocks  found  at  Gratun,  and  does  not  readily 
yield  to  disintegration.  Depending  on  the  quality  of  the  cementing 
material,  the  conglomerates  are  solid  and  endurmg,  or  shaky,  and 
crumble  on^  exposure  to  the  atmosphere.  .  These  rocks  as  a  rule 
weather  badly,  and  soon  crumble  to  gravel  when  excavated.  In 
place  and  thoroughly  protected  from  the  atmosphere  they  are  solid. 
Like  gravel,  when  tnev  disintegrate  they  furmsn  a  free  passage  for 
water.  On  the  left  or  Plate  83  is  a  fuIlHsize  sample  of  an  orainary 
formation.  The  dark  bands  are  argillaceous  sandstone  and  the  light 
ones,  alternating  with  them,  volcanic  tuiTa.  To  the  right  is  a  sample  of 
clay  and  shells  as  it  comes  from  elevation  —  50  in  the  Oatun  Island 
test  pit.  This  material  is  solid  and  impervious.  It  stands  vertically 
in  the  sides  of  the  test  pit  and  is  not  eroded  by  water  flowing  over  it. 
An  analysis  shows  that  it  is  composed  by  volume  of  70  per  cent  clay 
and  30  per  cent  shells. 
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SPECIAL  FEATUBES. 

(a)  Rock  in  Spillway  HiU. — On  Plate  84  is  shown  a  general  view  of 
the  Gatun  spillway  looking  south  or  toward  the  proposed  lake.  In 
the  background  are  noted  two  diamond-drill  outfits,  one  with  and  the 
other  without  a  rain  shield.  The  outfit  with  the  rain  shield  is  located 
on  the  dam  center  line  and  a  little  east  of  the  spillway  axis.  The 
sides  of  the  excavation  are  evidence  of  the  extent  of  the  underlying 
rock  in  the  hill,  and  the  cores  which  have  been  taken  from  the  drill 
workings  150  feet  below  the  present  location  of  the  drills  are  evidence 
of  the  solidity  of  the  foundation.  Plate  163  shows  a  longitudinal 
geological  section  of  this  location  taken  on  the  center  line  of  the 
spillway  excavation. 

(b)  underground  water. — ^Heretofore  much  has  been  stated  and 
huge  fabrics  have  been  constructed,  based  on  the  occurrence  of  water 
under  pressure  (commonly  known  as  artesian  water)  in  this  locality. 
When  this  site  was  seriously  considered  37  wash-drill  holes  were  put 
down  for  the  purpose  of  preliminary  studies.  Although  the  small 
number  of  these  holes  was  sharply  criticized  as  inadeouate  for  proper 
determination  of  a  dam  site,  they  were  found,  nevertneless,  to  be  of 
sufficient  value  on  which  to  base  a  most  alarming  tale.  Water  was 
then  found  in  some  of  the  bore  holes;  in  others  it  overflowed  the 
casing  to  a  slight  degree,  the  maximum  recorded  being  about  1} 
inches.  No  one  questioned  the  presence  of  this  underground  flow 
then,  and  in  the  subsequent  investigations  that  have  been  made  the 
same  condition  has  been  found.  Artesian  flows  have  been  foimd  that 
rival  those  previously  given. 

A  careful  study  or  the  conditions  of  this  water,  however,  seems  to 
show  no  grounds  for  alarm  as  to  the  safety  of  a  dam  erected  on  this 
site  similar  to  that  proposed  if  proper  precautions  are  taken  to  safe- 
guard its  stability.  These  precautions  are  not  by  any  means  unique 
for  this  location,  and  are  only  those  ordinarily  taken  by  engineers 
familiar  with  the  principles  of  earth -dam  construction  and  the 
handling  of  water  imder  pressure. 

On  Tables  13  and  14  is  siiown  the  height  of  the  hydrostatic  head  in 
some  of  the  bore  holes.  Whether  or  not  there  was  flow  depended  on 
the  height  of  the  top  of  the  casing.  These  holes  may  not  be  all  in 
which  such  conditions  were  discovered,  but  onlv  a  few,  if  any,  have 
been  omitted,  and  those  not  by  any  design.  If  there  was  a  continuous 
flow  through  the  gorges  of  the  quantity  suggested,  the  current  must 
have  had  such  a  velocity  that  a  considerable  loss  of  head  would  be 
evident,  and  it  would  show  in  a  uniform  maimer,  regularly  decreasing 
in  the  direction  of  the  flow.  No  such  condition  appears  here;  there 
seems  to  be  no  general  scheme.  Observing  the  holes  at  the  base  of  the 
hills,  it  appears  that  here  are  generally  found  the  h^hest  heads,  and 
those  holes  farthest  away  show  the  lower  elevation  of  the  water  table. 
In  contiguous  holes  there  are  dWerences  of  elevation  of  8  or  10  feet. 
In  neighboring  overflowing  holes  there  are  great  variations  in  quan- 
tity.  It  therefore  appears  from  surface  conditions  that  there  could 
not  be  a  single  source  lor  this  pressure  water.  An  examination  of  the 
materials  taken  from  the  bore  holes,  one  of  which  contains  water  and 
the  other  none,  shows  similar  material.  In  other  holes  the  condition 
is  reversed,  and  entirely  different  strata  appear  to  produce  water, 
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some  from  zones  that  the  samples  would  indicate  to  be  impervious. 
An  examination  of  the  underlymg  strata  fails  to  find  not  only  a  con- 
tinuous layer  that  could  be  water  bearing,  but  also  none  at  all  of  such 
a  character  that  it  could  be  freely  water  bearing.  A  glance  at  the 
mechanical  analyses  of  the  materials  found  in  these  bore  holes  is  suffi- 
cient to  indicate  their  permeability. 

If  the  rock  contour  map  shown  as  Plate  165  is  studied  in  connection 
with  the  geological  sections  at  right  angles  to  the  dam  axis,  and  also 
the  three  t^nical  sections  across  me  yalley  parallel  with  the  dam  axis, 
evidence  win  be  obvious  that  the  conditions  are  not  those  tending  to 
promote  free  underground  flow. 

There  is  water  there,  however,  and  it  has  a  source  at  some  elevation 
much  greater  than  could  be  given  by  any  current  flowing  underground. 
Such  heads  as  here  given,  if  due  to  water  running  in  a  stream  imder- 
groimd  even  from  Bohio,  would  demand  an  initial  head  out  of  all  pro- 
portion to  any  elevation  found  hereabouts.  In  other  words,  neither 
at  Bohio  nor  Uamboa  is  there  sufficient  elevation  in  the  valley  of  the 
Chagres  River  to  force  an  appreciable  body  of  water  through  the  alluvial 
deposits  to  Oatim  and  give  such  heads  as  are  there  found.  Again, 
heads  similar  to  those  at  Oatun  are  foimd  at  Bohio,  which  would,  if 
there  were  free  connection,  indicate  a  level  hydraulic  grade  line. 
Such  a  condition  as  this  could  obtain  only  with  very  slight  velocity. 
Such  a  flow  as  this,  when  it  came  to  the  narrows  at  Gatun,  would 
have  to  move  with  such  a  tremendous  velocity  that  it  would  tear  out 
the  underlying  strata.  The  whole  valley  would  have  to  be  soaking 
with  running  water.  But  these  conditions  do  not  appear  at  all.  The 
only  explanation,  therefore,  seems  to  be  that  the  head  obtained  in 
th€»e  bore  holes  is  of  local  origin,  and  derives  its  source  from  the  hills. 
It  is  known  to  be  there,  and  the  conditions  are  ripe  for  its  delivery. 
At  the  surface  of  the  rock  are  found  the  most  pervious  conditions. 
The  rocks  are  seamed  and  jointed.  Under  these  conditions  the  water 
is  conducted  to  the  bottom  of  the  gorges.  Here  it  stays  under  pres- 
sure, but. with  no  movement  of  any  account.  When  a  bore  hole 
approaches  this  film  of  water  \mder  high  pressure,  the  material  at  the 
bottom  is  blown  out,  and  a  flow  of  water  takes  place,  more  or  less 
constant,  dependent  on  the  source.  In  Plate  166  is  shown  the  prob- 
able reason  why  water  under  pressure  is  sometimes  encounterea  and 
at  other  times  not  found.  This  seems  to  be  an  explanation  that 
accounts  for  the  vagaries  of  head  foimd  in  the  area  at  the  Gatun  dam 
site.  If  this  is  so,  proper  precautions,  as  cut-off  walls,  etc.,  will  be 
able  to  effectually  control  the  flow  and  eliminate  any  danger  from 
this  source. 

Artesian  water  has  been  foimd  in  the  following  holes  with  heads  as 
indicated.  In  many  cases  natural  gas  has  been  found  in  connection 
with  the  water,  ana  in  some  cases  has  been  the  cause  of  the  peculiar 
action  of  the  water.  In  some  instances,  notably  holes  Nos.  1054  and 
997,  the  drill  rods  showed  the  action  of  the  gas  and  were  covered  with 
a  black  scale. 
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Table  13. 
[EloTations  are  all  above  inean  aea  leva!.] 


Eleva- 

Eleva- 

Hole. 

tion  of 
water. 

Remarks. 

Hole. 

tion  of 
water. 

Remarks. 

Feet. 

FeeL 

840 

2L6 

Started  at  -84. 

953 

ia8 

Started  at  -5L 

848 

4.3 

Caalng    was    not   extended 

954 

1L8 

higher. 
Do. 

956 

112 

849 

ao 

958 

ia6 

868 

4.3 

SUrted  at  -46. 

997 

ia4 

Started  at  -211;  gas. 

905 

8.1 

1003 

uo 

906 

&2 

Casing   was   not   extended 

1010 

11.0 

Started  at  -115. 

higher. 

1025 

9l4 

Started  at  -153. 

Between  -114  and  -124. 

1041 

7.3 

907 

&3 

Casing   was   not   extended 

,    1054 

12.0 

Started  at  -175;  gas. 

hisher. 
Do. 
Do. 

•    1055 

9.8 

906 

7.3 
9l1 

1061 
1064 

Started  at —06:  shut  off  at  ~  119. 

909 

aftO 

Escaped  through  cracks  in  rocks. 
Shut  off  at  -46. 

937 

•47.2 

,    1069 

lao 

938 

4a7 
11.4 

Salty. 

1    1070 
1089 

Started  at  —220. 

940 

Qas  at  —163  which  threw  water 

947 

3&0 

Water  spurted  over  derrick; 

over  casing  at  -la 

gas  pressare. 

1092 

las 

Started  at  -118. 

27.0 

1006 

2.0 

Started  at  -68;  shut  off  at  -70. 

23.2 

1099 

ft6 

Very  slight  How. 

949 

&8 

Started  at  -135|  salty. 

1110 

11.4 

Salty. 

9fi0 

9.0 

Started  at  -44. 

1115 

4.5 

951 

lai 

963 

ILO 

a  About. 


The  following  holes  have  maintained  a  constant  water  level  in 
spite  of  efforts  to  bail  them  out  with  a  pipe  bucket  operated  by  hand : 


Table  14. 


[Elevations  are  all  above  mean  sea  leveL] 

Hole. 

Elevation 
of  water 

Hole. 

Elevation 
of  water 

Hole. 

Elevstion 
of  water. 

Feet. 

Feet. 

Feet. 

802 

7.7 

914 

1.8 

1074 

31.6 

813 

11.6 

918 

12.1 

10K3 

5.5 

814 

11.0 

920 

63.5 

1087 

13.4 

815 

7.4 

924 

86.6 

1001 

2.5 

868 

3.8 

960 

2a9 

1066 

9.d 

872 

7&3 

079 

22.0 

1114 

5.2 

887 

12.8 

982 

23.2 

1002 

18.0 

888 

13.7 

1000 

22.8 

1019 

14  2 

903 

14.9 

1073 

0.1 

To  the  cause  mentioned  above  is  undoubtedly  due  the  flow  of 
water  from  a  so-called  spring  on  Gatun  Island  on  the  west  bank  of 
the  Chagres.  almost  opposite  what  is  known  as  the  old  office,  and 
about  400  leet  north  of  the  center  line  of  the  dam.  The  water 
supplying  this  undoubtedly  owes  its  head  to  the  lock-site  hill.  Rising 
there,  it  flows  through  the  sandy  clay  stratum  under  the  bed  of  the 
Chagres  and  outflows  on  the  west  bank.  That  it  does  this  instead 
of  finding  an  outlet  into  the  river  itself  is  not  strange,  for  its  head 
is  only  a  few  feet  above  tide  water,  and  the  blanket  of  sediment  in 
.the  bottom  of  the  river,  weighted  by  the  water  thereon,  is  probably 
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sufficient  to  effectually  stop  egress  there.    The  flow  here  varies  inter- 
estingly with  the  rainfall,  as  shown  by  the  following  results: 


Table  15. 


June 


July 


8. 

8 

9. 

10. 

U. 

13. 

15. 

16. 

17. 

20. 

23. 

24. 

24. 

25. 

25. 

26. 

27. 

20. 

30. 

1. 

3. 

6. 

7- 

28. 

30. 

31. 


10.45  a.m... 

1.45  p.  m 

9.45  a.  m 

8a.  m 

10  a.  m 

9a.  m 

10.30  a.m... 

8.45  a.  m 

10.30  a.m... 

8a.  m 

8.30  a.m.... 

2.40  p.  m 

5.10  p.  m 

8.30  a.m.... 
2.30  p.m... 

O) 

9  a.  m... 

8.35  a.  m 

10.20  a.m... 
10.10 p.  m... 

8.30  a.  m 

9a.m 

9.40  a.  ra 

3.25  p.  m 

9.10  a.  m 

10.30 a.  m... 


OaUotu. 

2,650 

2.186 

3,014 

3,301 

2.503 

2,1G5 

1,790 

1,978 

1,514 

9,600 

4,800 

28.800 

16.070 

10.166 

115.200 

172.800 

28.800 

9,145 

69,306 

10.166 

11,162 

6,400 

7.200 

5,760 

12.528 

0.242 


2  hours  after  heavy  rain. 


15  minutes  after  heavy  rain. 
After  3  heavy  rains. 


(c).  Former  dassificcUion. — The  present  investigations  have  thrown 
new  light  on  some  of  the  former  records,  and  conditions  then  indi- 
cated as  suspicious,  if  not  serious,  for  safety,  can  now  be  differently 
interpreted.  One  or  two  examples  are  sufficient  to  indicate  this. 
In  the  west  diversion,  hole  No.  519  was  recorded  as  having  gravel 
for  about  100  feet.  The  ordinary  man  would  be  loath  to  found  a 
dam  on  a  loose  CTavel  layer.  An  examination  of  the  samples  there 
taken  indicates  that  the  material  was  similar  to  that  shown  in  Plates 
74  and  75,  and  the  analysis  shows  it  to  hav^  an  effective  of  about  0.02 
millimeter,  with  about  one-third  clay.  This  does  not  appear  as  a  very 
permeable  material,  and  the  velocity  through  it  under  the  proposed 
conditions  would  be  about  0.08  foot  in  twenty-four  hours.  Material 
that  was  formerly  classed  as  packed  sand  has  been  found  to  give 
cores  under  the  diamond  drill.  This  shows  rock,  and  rock,  no  matter  if 
it  is  soft,  is  a  much  more  stable  material  than  an  imconsolidated 
deposit. 

The  test  pit  on  Spillwav  Hill  has  demonstrated  this  packed-sand 
material,  it  is  thoroughly  consoUdated,  but  is  easily  cut  with  a 
knife.  It  appears  impervious  in  place,  and  laboratory  experiments 
show  it  to  be  so.  It  will  crumble  in  the  hand  when  shaken  up  by 
blasting  or  when  exposed  to  the  weather.  On  the  other  hand,  it 
stands  with  vertical  race  in  the  sides  of  the  pit.  It  does  not  cnmible 
or  disintegrate  when  exi)osed  to  the  action  of  water  running  over  it. 
It  also  has  well-defined  joint  planes  and  seams  through  which  water 
passes  into  the  pit  with  velocity  enough  to  throw  the  stream  from 
1  foot  to  1 J  feet  into  the  opening.  These  joint  planes  are  filled  with 
mineral  de{>osits,  showing  tlmt  they  are  of  ancient  origin  and  not 


Asm  %rp  n0!0BBA  tmmmM^    As  h^  bent  mid  mbomr, 

mk  tfa«r  WMler  m  the  pct« 

Tamul  U. — ^^mmmmnft^ 

Wa«ii  «lnliia«r 

IwmiMwt 'inTIiasf:, X4I3 


i>ywfti»  <irJIii*^, 

l^jfjbL _  30).<I33 


iM^naliMkA^ — ^The  XensA  ''penneabttitT"  and  "'pomitT**  are  often 
VttA  iaUsff^UiOgtmbiyf  vfaereas  thej  hare  endrehr  different  signiffica- 
iiom^  Twoiands  ^ring  the  same  pcvosilT  mar  be  different  endrelj 
asi  t/j'  their  permeabilitj,  and  Tiee  reisa. 

Wben  tM  t^>tal  amouDt  lyf  pore  W^  is  fauge,  RganUess  of  the 
ifi^e  f4  the  pa«iiagewaTs,  the  material  is  poroas.  Hie  relative  free- 
dfiftn  with  which  liqiifrb  or  ^ases  flow  throodi  a  poroas  medium  is 
the  rneai^jre  of  ltd  permealHlitj.  Water  wiU  freety  paas  through  a 
Mfcful  ha^'in^  an  effectire  size  of  4  mm.  and  a  porositT  of  32  per  cent — 
that  m,  abr>rit  one-third  of  its  Tolnme  open  space — ^wfaile  a  cUt  of 
0.01  mm.  effeetire  mxe  and  48  per  cent  porositT,  cm*  about  <Mie^balf 
rfAmne  open  space^will  be  practically  impenrious,  alth<High  the 
ffrffpfpnifm  of  Toi#is  m  the  two  is  in  the  ratio  of  2  to  3.  The  experi* 
rnentii  ^A  Kin^*  and  Schlicter  give  the  most  avaihible  data  on  pore 
iFpaee  and  kindred  determinations.  In  dealing  with  spherical  grains 
fk  unifr^rm  size,  the  pore  space  has  been  found  to  range  from  a  mini- 
mum of  26  per  cent  to  a  maximum  of  48  per  cent  of  the  total  bulk. 
The  Tf^iltM  of  experiments  hare  shown  that  relatirelj  sands  of  small 
gmn  have  greater  pore  space  than  those  of  larger  grain,  even  when 
e#inallj  tarnped*  The  general  summary  of  the  determination  is  (a) 
wnile  the  pf^re  space  can  be  greatly  decreased  by  tamping,  it  is  rarely 
pffsmhUi  Uj  reach  the  theoretical  minimum ;  (b)  equally  treated  sands 
with  rlifferent  diameters  of  grain  have  smaller  pore  spaces  than  those 
of  uniform  diameter;  (c)  angular  sands  have  more  pore  space  than 
rounrle^l  sanrls;  Id)  the  least  pore  space  may  be  expected  when  the 
grairw  are  rounderl  and  about  equally  divided  between  large  and 
small,  with  no  intermetliate  sizes.  Therefore  the  permeability  of  a 
material  depends  upon  the  arrangement  of  the  grams,  their  size,  the 
proportion  of  the  different  sizes,  and  their  shape. 

Tlie  closer  the  grains  are  packed  the  less  the  permeability.  Rela- 
tively, coarse  angular  sanfls  are  more  permeable  than  fine  rounded 
ones,  as  the  individual  spaces  are  larger. 

Tlie  terms  ** effective  size''  and  "uniformity  coefficient"  are  those 
ijjted  hy  Ilazen  in  his  investigations.  As  a  result,  he  concluded  that 
"in  mixed  materials  containmg  particles  of  various  sizes,  the  water 
is  forced  to  go  arotmd  the  larger  particles  and  through  the  finer  por- 
tions which  occupy  the  intervening  spaces,  so  that  it  is  the  finest 
pr>rtion  which  mainly  determines  the  character  of  the  sand  for 
filtration." 
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In  comparatively  coarse  gravels  the  flow  of  water  seems  to  obey 
the  law  governing  flow  through  large  pipes — that  is,  the  quantity 
varies  as  the  square  root  of  the  nead  — ^while  in  fine  sands  the  discharge 
is  directlv  proportional  to  the  head,  and  similar  to  that  in  capillary 
tubes.  In  pipes  there  is  a  certain  critical  velocity  where  the  law 
changes  from  capillary  action  to  that  in  large  pipes,  and  probably 
the  same  holds  true  for  the  action  of  water  in  passing  througn  porous 
materials. 

In  statements  concerning  the  water-bearing[  capacity  of  soils,  the 
terms  "percolation,"  "infiltration,"  "filtration,  and  "seepage" 
are  often  used  erroneously. 

"Filtration"  is  the  process  of  mechanically  removing  undissolved 
matter  from  a  liquid. 

"Infiltration"  is  the  process  by  which  a  liquid  enters  into  a  porous 
material. 

"Percolation"  is  the  action  of  a  liquid  in  passing  through  small 
interstices. 

"Seepage"  is  the  amount  of  the  liquid  that  has  percolated  through 
the  liquid. 

A  water  may  be  filtered  to  clarify  it  or  remove  objectionable  mat- 
ter. This  water  passes  through  the  pores  in  the  sand  by  the  process 
of  infiltration.  The  amount  passing  through  in  a  ^ven  time  is  the 
seepage,  and  the  ease  with  which  it  passes  or  percolates  through  the 
pore  space  is  dependent  upon  the  permeability  of  the  materiaL 

For  the  study  of  the  flow  of  water  through  permeable  materials, 
it  is  found  most  convenient  to  consider  them  as  made  up  of  grains 
of  such  size  that  the  flow  through  the  given  material  will  be  equiva- 
lent to  that  which  would  pass  ii  the  material  were  entirely  composed 
of  certain-sized  grains.  This  size  is  called  the  "effective  size  and 
its  size  for  a  given  material  is  such  that  10  per  cent  by  weight  of  the 
material  is  finer  than  this  size  and  90  per  cent  coarser.  Besides  the 
effective  size  of  the  sand  grain,  an  important  point  regarding  the 
percolation  of  water  is  whether  the  particles  in  the  material  under 
consideration  are  of  approximately  the  same  size  or  are  of  vaiyine 
sizes.  This  is  shown  by  the  "uniformity  coefficient,"  which  is  usea 
to  designate  the  ratio  of  the  size  of  grain  which  has  60  per  cent  finer 
than  itself  to  the  size  that  has  10  per  cent  finer  (effective  size). 

"A  rough  estimate  of  the  open  space  can  be  made  from  the  'uni- 
formity coefficient.'  Sharp-grained  materials  having  uniformity 
coefficients  below  2  have  neany  45  per  cent  open  space  as  ordinarily 
packed,  and  sands  having  coefficients  below  3  as  they  occur  in  banks 
or  artificially  settled  in  water  will  usually  have  40  per  cent  open  space. 
With  inore  mixed  materials,  the  closeness  of  the  packing  increases 
until  with  a  uniformity  coefficient  of  6  to  8  only  30  per  cent  open 
space  is  obtained.  With  extremely  high  coefficients  almost  no  open 
space  ij  left." 

In  general,  it  may  be  said  that  the  smaller  the  uniformity  coefficient 
the  greater  the  degree  of  voids  in  the  material,  but,  as  has  been  said, 
the  permeability  and  not  the  amoimt  of  voids  determines  the  free- 
dom with  which  water  flows  through  a  sand  or  gravel,  and  this 
depends  somewhat  on  the  effective  size  and  the  shape  of  the  grains. 

in  material  of  the  same  permeability,  increasing  the  slope  or 
"hydraulic  gradient"  increases  the  flow;  that  is,  the  velocity  and 
the  discharge  are  increased  if  the  thickness  of  the  material  is  decreased. 
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likewise,  with  the  same  slope  of  saturation,  incieasiii^  the  pennea- 
bilitj  incfeases  the  flow.  Bat  the  flow  is  decreased  uy  decreasiiig 
the  nmneabiUtj,  thexefore  to  maintJiiii  tha  same  flow  if  the  per- 
meacpilitj  is  decreased  the  gradient  must  he  increased^  which  is  the 
same  as  sajii^  that  the  thickness  of  the  material  is  aecr^ised.  It 
appeniBy  tlMsrmire.  that  decreased  permeabilitT  may  he  indicated  t^ 
m  steeper  hjdraauc  gradimt  if  the  flow  remains 'constant.  As  in 
pqies,  in  sand  and  gravel  the  hydraulic  gradient^  indicates  pressure, 
and  inaomuch  as  preasore  indicates  flow,  velocity  is  dependent  on  the 
dope  of  the  hydraulic  gradient.  In  a  homogeneous  material  and  with 
the  same  amount  of  water  flowing  under  the  same  heacL  the  pennea- 
hSitj  and  the  velocity  vair  inveisely  as  the  length.  For  tne  same 
flow  the  more  permeable  tne  material  the  ^eat^  wiD  be  the  len^h 
of  the  grade  line  and  the  less  the  an^e  of  su>pe. 

If  the  material  is  sufficiently  penneable  beyond  the  point  where 
the  hydraulic  gradient  would  intercept  the  horizontal  plane  under 
e^Hiditions  of  me  flow,  the  flow  dependent  upon  the  pressure  indi- 
cated by  the  slope  of  the  hydraulic  gradient  will  run  along  this  plane 
similar  to  water  in  an  open  channeT.    If  there  is  friction  here  to  be 

overcome,  the  slope  j  will  flatten  till  it  has  adjusted  itself  to  the 

conditions  imposed,  depending  principally  on  permeability.  As  it 
flattens  to  the  outlet,  however,  the  flow  and  velocitv  will  decrease, 
and  if  the  material  is  entirely  homogeneous,  the  hy^b-aulic  gradient 
will  be  a  straight  line  connecting  the  point  of  "no  pressure  at  the 
surface  of  the  water  in  the  reservoir  and  at  the  downstream  outlet. 
This  accords  with  the  definition  of  ''hydraulic  gradient''  given  by 
Merriman.  It  can  be  illustrated  by  imagining  a  horizontal  colunm 
of  sand,  its  sides  and  bottom  confined  in  a  water-tight  trough.  If 
water  is  admitted  at  one  end  of  the  trough  to  the  level  of  the  top  of 
the  sand  and  the  materia  is  sufficiently  permeable,  a  slopje  of  satura- 
tion will  appear  in  approximateir  a  straight  line  connecting  the  sur- 
face of  the  water  at  one  face  and  the  bottom  of  the  sand  column  at 
the  other  end.  If,  now,  a  board  is  put  in  at  the  downstream  end 
and  the  water  forced  to  find  outlet  over  this,  the  sand  will  fill  with 
water  to  the  top  of  the  board,  and  the  hvdraulic  grade  line  will  slope 
from  this  outlet  to  the  water  surface.  The  flow  is  now  less  than  m 
the  first  case.  If  we  keep  on  adding:  boards,  we  shall  reach  a  point 
wheriP  the  hydraulic  grade  line  ^ill  be  horizontal,  and  in  this  condi- 
tion there  will  be  no  outflow,  as  the  boards  have  reached  abov0  the 
level  of  the  water  surface,  and  the  pressure  on  the  sand  will  equal 
that  due  to  the  head  of  water;  i.  e.,  the  pressure  head  plus  the  velocity 
head  uill  equal  the  total  head.  But  suppose  the  water  in  the  trough, 
instead  of  being  confined  by  porous  sana,  is  held  in  place  by  a  dense 
mass,  as  a  plate  of  cast  iron.  In  this  case  the  hydraulic  grade  line 
is  horizontal;  there  is  pressure,  but  no  flow,  and  tlie  case  is  similar  to 
that  just  stated. 

By  another  definition  the  hvdraulic  gradient  is  a  line  joining  the 
surface  of  the  water  in  several  vertical  piezometer  tubes  which  are 
placed  along  the  pressure  line.  If  the  pressure  line  is  vertical  and 
there  is  no  outlet,  then  piezometer  tubes  in  this  line  brought  up  ver- 
tically will  show  a  horizontal  grade  line.  Suppose  the  cast-iron  plate 
replaced  by  a  very  fine-grained  stone.  After  a  time  there  will  be  a 
little  flow  and  a  steep  hydraulic  grade  line.     If  more  permeable  stone 
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is  used,  and  later  sand,  the  saturation  slope  will  become  more  and 
more  flat.  The  same  amount  of  water  is  assumed  to  flow  in  all  of 
the  above  premises.  Plate  167  shows  graphically  the  influence  of 
size  of  grains  and  porosity  in  hydraulic  grade  line.  The  interpreta- 
tion of  this  dia^am  is:  If  an  embankment  was  built  of  material 
having  a  given  effective  size  and  porosity,  and  if  its  downstream  slope 
cut  the  base  line  at  the  same  point  as  the  hydraulic  grade  line  for 
that  particular  material,  then  the  discharge  would  be'  1  cubic  foot 

Ser  minute  per  linear  root  of  embankment.  In  the  experimental 
am  it  is  shown  that  the  hydraulic  gradient  does  not  start  from  the 
f>oint  where  the  surface  of  the  water  intersects  the  slope,  but  at  a 
ower  elevation.  The  difference  in  head  is  similar  to  the  head  lost  in 
velocitv  and  entrance  in  the  case  of  water  flowing  from  a  reservoir 
througn  a  pipe.  It  appears,  therefore,  that  this  ''used  head"  will 
vary  with  tne  angle  of  the  slope  and  the  characteristics  of  the  mate- 
rials in  front  of  the  embankment,  and  that  the  pressure  head  can 
never  equal  the  total  head  in  Um  reservoir,  and  only  approach  it 
very  nearly  when  the  embankment  has  a  vertical  face. 

With  this  action  probably  in  mind,  the  board  of  experts  appointed 
to  examine  the  earth  portion  of  the  new  Croton  dam  stated  tnat ' '  the 
more  compact  the  material  of  which  the  bank  is  built  the  steeper 
will  be  the  slope  of  saturation."  There  is  undoubtedly  a  great  dif- 
ference between  the  slope  of  saturation  when  water  is  retained  in  an 
embankment  and  that  taken  by  water  in  passing  through  material 
too  permeable  to  retain  it.  In  the  latter  case  the  condition  is  reversed . 
and  the  water  will  then  take  a  path  governed  only  by  porosity,  ana 
the  more  open  the  material  the  steeper  will  be  the  slope,  in  this 
case  the  steeper  the  slope  the  greater  will  be  the 


METHODS  OF  DBTERICININO  POROSHT,  EFFECTIVE  SIZE,  ETO. 

,9 

Mechanical  unalyies. — ^The  ''effective  size"  of  a  matmal  is  deter- 
mined in  a  number  of  ways.  That  most  widely  used  is  by  passing 
the  material  through  a  number  of  sieves,  and  determining  the  propor- 
tion by  weight  of  the  material  left  on  tne  several  sieves.  The  appa- 
ratus generally  used  consists  of  a  set  of  sieves  ranging  from  2  to  200 
meshes  to  the  inch.  These  sieves  are  about  8  inches  in  diameter, 
and  so  made  that  one  sieve  will  fit  tiehtly  to  the  top  of  another, 
llie  material  to  be  tested  is  thoroughly  dried  and  put  into  the  upper- 
most sieve  and  the  whole  set  weU  shaken;  the  grains  of  different 
sizes  are  thus  separated  and  left  on  the  several  sieves.  These  por- 
tions are  then  weighed  and  tabulated  with  respect  to  the  total  mass. 
The  most  convenient  method  of  determination  is  to  plot  the  results 
on  cross-section  paper,  using  the  size  of  the  sand  ^ain  for  one  coordi- 
nate and  the  total  percentage  that  would  be  retamed  on  the  sieve  as 
the  other.  The  diameter  of  the  sand  grains  is  usually  designated  by 
the  diameter  of  the  largest  particles  passing  through  it  instead  of  the 
commercial  number  of  the  sieve.  The  ordinary  size  of  particles 
passing  through  the  meshes  corresponding  to  commercial  sieve  num* 
oers  for  use  in  this  report  is  given  m  Table  No.  17. 
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Table  17  .Sizes  of  n€ves.<i 


Stone  nrias. 

Saod  series. 

Ck>mmereiAl 

Diameters 

Commer- 
dAlNo. 

Diameters 

Diameters 

sieves. 

panliig. 

Meshes  per 
Inch. 

passing. 

pausing. 

Inches, 

Ineket. 

Incket. 

MtUimuiert, 

2.25 

225 

10 

0.075 

1.91 

1.60 

1.60 

15 

046 

1  17 

1.00 

1.00 

20 

.084 

.86 

.76 

.75 

30 

.020 

.61 

.eo 

.60 

40 

.016 

.41 

.45 

.48 

60 

.014 

.36 

.36 

.36 

74 

.0071 

.180 

.27 

.29 

100 

.0068 

.147 

.20 

.20 

160 

.0036 

092 

.16 

.10 

200 

.0027 

.060 

.10 

.10 

For  sises  of  particles  less  In  diameter  than  those  passing  through  a  No.  200  sieve,  the  method  of  elatria- 
tlon  described  by  Mr.  Hazen  6  has  been  used. 

a  From  Report  of  Experiments  at  Jerome  Park  Reservoir.    "Laws  of  Proportioning  Concrete,** 
W.  B.  Fuller,  p.  22.  t^  s  ~, 

A  Annual  Report,  MassachusetU  Sute  Board  of  Health,  1892. 

Typical  analysis  curves  of  the  materials  studied  here  at  Gratun  are 
shown  on  Plates  148-154.  The  effective  size  is  found  bjr  drawing  a 
horizontal  line  through  10  per  cent  marked  on  the  vertical  scale  on 
the  left  of  the  diagram,  and  where  this  line  cuts  the  curve  directly 
under  the  horizontal  scale  is  found  the  effective  size.  To  find  the 
uniformity  coefficient,  draw  a  similar  horizontal  line  through  60  per 
cent  on  the  left-hand  scale,  and  take  the  size  directly  under  the  pomt 
where  this  line  cuts  the  curve.  Divide  this  latter  size  by  the  effective 
size,  and  the  result  is  the  uniformity  coefficient. 

DETERMINATION  OF  VOIDS.  , 

The  voids  in  sand  or  gravel  can  be  approximated  by  placing  a 
known  Quantity  of  the  material  in  a  measure,  and  pouring  in  water 
until  it  nushes  to  the  surface.  Then,  by  determining  the  amount  of 
water  poured  in,  the  apparent  porosity  is  known.  This  method,  how- 
ever, 18  liable  to  error  on  account  of  the  physical  impossibility  of 
displacing  all  the  air  held  in  the  interstices  of  the  material.  The 
most  accurate  method  of  void  determination  is  by  means  of  the 
specific  gravity,  and,  if  this  is  definitely  known  for  the  substances  of 
which  the  sand  and  gravel  is  composed,  the  determination  is  easily 
made  by  the  following  formula : 

Percentage"  of  absolute  voids  =  (  1 ^5P  jioo 

S  =  weight  of  a  cubic  foot  of  the  material. 

R  =  weight  of  a  cubic  foot  of  absolutely  solid  rock  of  the  same  com- 
position as  the  material. 

p  =  percentage  of  moisture  in  material,  determined  by  drying  in  oven 

at  temperature  of  at  least  2 1 2^  F.  until  weight  becomes  constant. 

If  the  per  cent  of  air  voids  only  is  wanted,  then  this  formula  is  to 

be  used: 

Per  cent  of  air  voids  =  percentage  of  absolute  voids  -  b^J^^IOO. 

o2.o 


o  Taylor  and  Thompeon,  "  Plain  and  Reinforced  Concrete/'  p.  166. 
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Table  IS.— Average  Mpecijic  gravity  of  various  aggregates. 


IteterlAL 


Sand 

Gravel 

Conglomerate , 

Granite 

Limestone 

Trap 

SUte 

Sandstone 

Chagiee  River  blue  clay 

Sandy  clay  overlying  blue  clay  from  Cbagrea. 


Bhie  Muidy  material  from  Gatun  Island  test  pit,  about  25 
feet  below  surface. 

Red  clay  (residual)  test  pit  near  Gatun,  spillway  4  feet 
deep. 

Sandy  soil  on  Gatun  Island,  7  feet  deep 

Blue  day  from  Corozal  (sedimentary) 

Yellow  clay  from  Corosal  (residuary) 


Weight 

Speolflo 

of  .^l.d 

gravity. 

cubic  foot 

of  rock. 

Pomndt. 

2.65 

165 

2  66 

166 

X60 

162 

2.70 

168 

XOO 

162 

2.90 

180 

2.70 

168 

2.40 

160 

2.62 

163 

2.57 

160 

2.71 

169 

2.63 

164 

Z72 

170 

2.70 

168 

2.67 

166 

2.65 

165 

2.70 

168 

2.60 

168 

Authority. 


Allen  Hazeo. 

A.  E.  Sohulte. 

R.  S.  Weston. 

E.  C.  Eckel. 
Dow 
Do. 

Tod's  Tables. 

E.  C.  Eckel. 

Anoon  Chemical  Labo- 
ratory. 

Bureau  of  Soils.  U.  S. 
Department  of  Agri- 
culture. 

A  neon  Chemical  Labo- 
ratory. 

Bureau  of  Soils.  U.  S. 
Department  of  Agri- 
culture. 

Ancon  Chemical  Labo- 
ratory. 

Bureau  of  Soils.  U.  S. 
Department  of  Agri- 
culture. 
Do. 

Do. 
Ancon  Chemical  Labo- 
ratory. 
Do. 


The  following  report  was  made  on  several  samples  of  soil  from  the 
Gatun  dam  location  by  the  Bureau  of  Soils,  IJ.  S.  Department  of 
Agriculture,  at^  the  request  of  the  chief  engineer  of  the  Isthmian 
Canal  Commission. 


BEFOBT  ON  PHYSICAL    BZAUIKATION  OF  FIVE    SAMPLES  OF    SOIL  FROM    BITE  OF  THE 

OATUN  DAM  ON  THE  ROUTE   OF  THE  ISTHMIAN  CANAL. 

(a)  MKCHANICAL  AKALTSBS. 

The  mechanical  analyses  are  made  by  the  method  of  the  Bureau 
of  Soils,  as  detailed  in  Bulletin  No.  24  of  that  bureau. 
The  results  are  given  in  the  following  table: 

Table  19. — Mechanical  analyses. 


Diameter. 

Conventional  name. 

Per  cent. 

Grade. 

Soil 
No.  L 

Soil 
No.  2. 

Soil 
No.  3. 

Soil 
No.  4. 

Soil 
No.0. 

No.  1 

mfa. 
2    -1 
1    -0.5 
a5    -  .25 
.25-  .1 
.1    -  .06 
.05  -  .005 
.005-0 

« 

No.  2 

Coarse  sand 

ai 

.3 
&0 

las 

03.5 

2a8 

0.9 
4.4 

1&9 
14.7 
40.9 
22.1 

8.8 
18.1 
64.1 

5.8 
4.9 
4.9 

2.5 

L7 
16.1 
20.0 
38.7 
21.2 

0.6 

No.  3 

Medium  sand 

2.4 

No.  4 

Fine  sand 

43.9 

No.  5 

Very  fine  sand 

26.9 

No.  6 

Silt. 

18.3 

No.  7 

Clay 

7.5 

*  .••.••»•••...•.••....... 

100.2 

99.9 

100.4 

100.5 

99.5 

The  Ibllowlns  descriptive  note  was  inserted:  Boil  No.  1.  blue  clay  flrom  down  the  Chagres  River:  soil 
No.  2.  red  clay  Rom  one  of  the  shallow  test  pits  near  the  spillway,  about  4  feet  below  the  surfBC<>:  soil  No.  3, 
sandy  soil  overlying  blue  clay  from  down  the  Chagres:  soil  No.  4,  soil  on  the  Island  0  or  8  feet  from  the  sur- 
tBce;  soil  No.  6,  blue  sandy  material  from  test  pit  on  the  Island  about  25  feet  below  the  surCace. 


m 
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Tke  word  '"'pcynwitT'^  ss  upplMid  to  socL?  hms^  1hr«>  (iistiiKt  meuiD^: 
<^I]  Tbe  penoEnttiBge  ov  poffe  spttce  ia  tJbe  sq'lI,  and  <2i  the  pemMmbibtj 
fA  tbe  ii#>Q:  lo  water  (*ir  air).  Tbe  forccba-  w***"*"^  is  ined  in  this 
report.    Fmneabiiiit J  k  icfemd  to  as  snch. 

The  iprjifioAit  J  «>f  a  smi:  dcpemd^  not  aione  on  the  ane  and  shape  ot  the 
iml^nunir  but  on  the  naddng:  an»i  ifthakibg  to  vhicfa  the  sod  nas  been 
Mibieeted  and  on  the  oegice  of  fioecolation  poasesBed  bj  the  soil.  It 
k  tiierefoffe  erident  that  the  jonmeT  Erom  Panama  to  Washington 
nmst  hare  amooslr  affected  the  ponHtr  of  the  samples  under  exami- 
nation^  and  espediHj  since  the  samples  weie  motst^  and  had  probably 
ehanged  in  moistiue  during  the  joumej.  It  has  been  recent  It  shown 
in  this  laboratorr  that  the  water  ocmtent  of  a  s«mI  greatly  influences 
its  floccniation  and  hence  its  pore  space. 

The  detetminations  of  porosit  j  giren  below  can  not  therefore  be 
eonsidefcd  at  all  reiiaUe  as  indications  of  the  conditions  of  the  soil 
in  niiu.  To  be  trustworthy,  porosity  determinatiotts  must  be  made 
in  the  field. 

The  permeability  of  soils  can  not  be  determined  an  a  small  sample, 
and  only  in  a  Tery  rough  way  on  a  larse  one.  It  bears  no  simple 
relation  to  the  porosity,  since  it  depend  not  so  much  on  the  pore 
space  t»  tm  tbe  size  of  the  indiridual  spaces.  A  sandr  soil  is  usually 
much  more  permeaMe  than  a  loam  or  clay,  though  the  latter  may  have 
higher  porosities.  The  pores  of  tbe  fiue-grained  soils  are  so  small 
thai  fluids  pam  through  them  odIt  Tenr  dowly.  The  porosity  and 
specific  gravity  data  are  given  in  tlie  fofiowing  table.  The  a{^^arent 
specific  jCTSvity  of  volume  weight  of  the  soil  (colunm  2)  is  determined 
by  wetting  a  known  volume  of  the  sample  as  received.  The  true 
specific  gravity  or  specific  gravity  of  the  coDstituent  minerak  (column 
3)  is  determined  by  the  pyknometer  method  ih  the  usual  way.  The 
water  content  (column  4)  is  determined  by  drying  a  sample  at  1 10^  C. 
Frffin  these  data  it  is  possible  to  calculate  the  percentage  of  the  vol- 
ume of  the  sample  occupied  by  soil  material  and  by  water,  respec- 
tively. The  air  q>ace  can  then  be  found  by  difference.  The  total 
pore  »pace  or  porositv  (last  column)  is  obtained  by  taking  the  sum 
of  the  air  space  and  the  space  filled  with  water. 

Table  20. — Parrmty  and  $pfrijir  gmtity. 


KftrD(»ie. 

Apparmt 

specifie 

True 
sperifle 
giavily. 

1 

Pn-ccDt 
water 

(byweight). 

Pfr  cent  of  pore  space  bj  TolimieL 

Air        ■ 
filled. 

Water           Total 
•Ued.        (porosily). 

So.  1. 
So  2, 
So  %. 

1.42 
1.06 
1.00 
1.13 
1.90 

2.573 
2.674 
2.639 
2.660 
2.701 

46-48 
22.77 
13.17 
2S.96 
19  74 

4.25 

45. 9B 

54.10 

,           24.93 

11.19 

OSlIS              70.40 
2X81               69.70 
13u]2'            67.22 

No  4 

34. 13  '             69  06 

H*».  ^*. . 



3Sl45               46.64 
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For  the  purposes  of  this  paper  the  following  designation  is  given 
to  various  soil  materials: 

Table  21. 


No. 


1 

2 
3 

4 
5 
6 
7 


Ordinary  destgnaUon. 


BiMofBoUgniiiit. 


HilUnMlm. 


Inohea. 


)■ 


2 

1 


tol 

toa5 


FiiM  gravel 

Coarse  sand 

Medium  sand i  aft  to  .» 

Finesand |    .26  to  .1 

Veryflnenod ■    .1  to  .06 

Silt 06  to  .006 

Clay 006  too 


ao6  toaoi 

.04    to  .02 
.03    to  .01 
.01     to  .004 
.004  to  .002 
.009  to  .0002 
.OOlBtoO 


In  his  ''  Rocks,  Rock-Weathering,  and  Soil,"  Professor  Merrill  classi- 
fies superficial  and  unconsolidated  portions  of  the  earth's  crust  as 
the  '^regolith^"  from  the  Qreek  words  meaning  a  blanket  of  stone. 
Of  this  covering  he  makes  the  following  subdivisions: 

Sedentary       /Residual:  Reeidnaiy  era velfl,  Bands,  clays,  etc. 
oeae  uwy       |0umulo8e:  Peat,  mucK,  and  swamp  Boils. 

[GoUuval:  Talus  and  clifF  debris. 
The  Regolith..<  Alluvial:  Modem    alluvium,     marah    and    swamp, 

Transported.. <      Champlain  clays,  etc. 

liBolian:  Wind-blown  d6bris,  sand  dunes,  etc. 

[Glacial:  Morainal  material,  drumlins,  eskera,  etc. 

Residual  soils  vary  notably  in  their  characteristics,  depending  upon 
the  rock  to  which  tliey  owe  their  origin.  In  the  limestone  regouth 
the  toughest  clay  lies  next  the  rock,  while  in  the  sandstone  region 
the  soil  below  becomes  less  cohesive.  The  colors  of  the  deposits, 
whether  residual  or  transported,  vary  radically,  but  in  such  as  are 
nearer  the  surface  and  recently  exposed  to  those  conditions,  the 
colors  are  dull,  some  shade  of  brown  or  red,  owin^  to  higher  oxida- 
tion and  dehydration  of  the  ferruginous  matter  set  nree  by  the  decom- 
position of  the  iron-bearing  silicates.  From  the  color,  therefore,  it 
IS  often  possible  to  jud^e  from  what  portion  of  the  regouth  the  mate- 
rial has  come.  If  it  nas  been  exposed  to  oxidizing  agencies,  the 
depth  of  the  sample  will  probably  determine  what  those  agencies 
were.  Hence  from  the  color  one  is  able  to  judge  of  the  presence  or 
absence  of  oxidizing  agencies. 

It  is  not  difficult  to  understand  how  surface  wash,  especially  in 
times  of  flood  due  to  heavy  rainfall,  can  cause  laige  quantities  of 
debris  to  gather  in  the  bottom  of  the  rock  valleys.  Tne  materials 
deposited  Dv  surface  wash  differ  radically  from  stream-carried  d6bris 
in  oearing  less  evidence  of  the  rounding  action  shown  in  stones  car- 
ried along  in  running  water.  The  water  wear  and  sorting  are  at  a 
minimum.  When  there  is  water  enough  to  wear  any  material  there 
is  likely  enough  to  wear  coarse  and  fine  together.  The  result  is  an 
accumulation  of  silt,  clav,  sand,  and  gravel  commingled  in  every  con- 
ceivable proportion.  Tnese  gravels  are  mostlv  angular  and  are  not 
appreciably  waterwom.  Tliis  deposit  is  not  ireely  open  to  the  flow 
or  water,  and  if  the  rocks  from  which  it  has  its  source  are  soft  and  clav 
like,  then  the  deposit  is  bound  to  take  on  a  character  similar  to  a  soft 
concrete  or  to  the  ''hard  pan"  of  the  glacial  formation. 
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Of  course;  in  the  final  analysis  all  rocks  and  deposits  are  trans- 
ported, and  at  some  time  in  their  history  their  component  parts  have 
Seen  brought  from  other  localities.  For^  the  purposes  of  this  paper, 
however,  soils  derived  from  the  underlying  rocks  will  be  classea  as 
^'sedentary."  The  sedentary  deposits  clothe  the  hills  and  sides  of 
the  valleys,  while  to  the  bottom  lands  belong  the  transported  deposits. 
These  latter  are  the  results  of  the  eroding  powers  of  the  stream  which, 
with  the  uplifting  of  the  underlying  strata,  began  the  work  of  cutting 
down  and  carrying  away.  The  burden  of  the  stream  was  left  along 
the  length  of  the  nver  bed,  and  the  character  of  the  deposit  depended 
on  the  stren^h  of  the  current. 

The  soils  m  the  immediate  vicinity  of  Gratun  are  simple  in  their 
primary  classification,  although  rather  complex  in  their  make-up, 
especially  in  the  transported  material.  The  nills  bordering  the  val- 
leys are  covered  with  a  reddish-brown  residual  clay,  the  thickness 
of  which  varys  up  to  a  few  feet  or  20  feet  and  more.  Its  origin  is  the 
decomposition  of  the  sedimentary  rocks  imderlying  it,  and  in  the  cuts 
made  oy  the  steam  shovels  appears  the  semblance  of  the  stratifica- 
tion of  the  parent  rock  itsen.  This  soil  has  the  appearance  and 
'^ stickiness''  of  clay,  but  has  not  its  plasticity,  nor  has  it  the  density 
and  composition  of  the  water-deposited  clays.  It  is  characteristic 
of  this  material  that  it  dries  readily  and  cracks  near  the  surface.  At 
the  surface  it  is  finely  divided  and  plastic  to  a  certain  degree.  As 
the  underlying  rock  is  approached  it  shows  a  tendencjr  to  cleavage 
and  breaks  up  into  roughly  cubical  fragments.  For  this  reason  the 
percolating  waters,  alter  passing  through  the  cracks  in  the  surface 
layer,  easfly  find  their  way  to  tne  surface  of  the  rock,  along  which 
they  run  with  more  or  less  freedom,  dependent  on  the  slope  of  the 
rock.  Such  material  as  this  is  more  pervious  than  the  sedimentary 
clay  deposits,  and,  being  less  plastic,  is  not  so  good  for  use  in  making 
water-tight  puddle  and  core  walls  as  is  the  latter.  Besides  this,  the 
hard  cubical  fragments  near  the  rock  surface  do  not  readily  lend 
themselves  to  uses  of  this  kind;  thejr  have  neither  the  water-tigntness 
of  the  clays  nor  the  weight  and  fnctional  resistancy  of  gravel  and 
sand. 

It  seems  evident  that  this  part  of  the  Isthmus  was  orimnally  a 
sandstone  region  in  which  the  Chagres  has  changed  from  a  oegrading 
to  an  aggracUng  stream.  The  valleys  have  been  filled  with  clay,  sut 
and  gravel  brought  down  by  the  streams  and  the  "wash"  ftom  the 
surrounding  hills.  The  result  is  an  accumulation  of  fill  in  the  valley 
several  hundreds  of  feet  deep,  and  composed  of  alternating  beds  of 
sand,  clay,  gravel,  and  silt.  These  beds  are  irregular  and  grade  into 
one  another  lx)th  laterally  and  vertically.  The  fifl  is  probably  not  the 
result  of  one  period  of  a^adation,  but  the  stream  has  several  times 
changed  from  an  aggrading  to  a  degrading  stream,  but  on  the  whole 
the  aggradation  has  predominated. 

The  terms  "clay  and  "silt"  indicate  physical  conditions  rather 
than  chemical  or  mineralogical  composition,  and  they  may,  perhaps, 
be  defined**  as  "indefinite  admixtures  consisting  largely  of  more  or 
less  hydrated  aluminous  silicates  and  free  silica^  with  lesser  amoimts 
of  iron  oxides,  carbonates  of  lime,  and  various  silicate  minerals  which 
in  a  more  or  less  decomposed  and  fragmental  condition  had  sunrived 

a  Merrill,  *' Rocks,  Rock- Weathering  and  Soils,"  p.  117. 
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the  destructive  agencies  to  which  they  have  been  subjected.  About 
the  only  characteristic  feature  is  that  of  plasticity  when  wet,  and  this 
is  dependent,  apparently,  upon  texture  and  structure,  i.  e.,  upon  the 
size  and  shape  or  the  inaividual  particles,  and  in  some  cases  at  least 
the  presence  of  coUodial  matter. 

ROCKS   OF  THE   BEOION. 

Rocks  may  be  grouped  into  three  divisions:  (1)  sedimentary, 
(2)  metamorphic,  and  (3)  igneous. 

Sedimentary  rocks  are  formed  of  fragments  worn  from  the  older 
rocks  by  the  action  of  rain,  wind,  frost,  etc.  Such  materials,  carried 
by  the  water,  were  deposited  as  beds  of  clay,  sand,  gravel,  marl,  etc. 
When  first  deposited,  thev  were  loose  and  unconsoudated,  but  later 
they  became  hardened  ana  cemented  together  and  formed  solid  rocks. 

Oonceming  the  sandstones,  Merrill  states  that  "many  varieties  are 
popularly  recognised.  Calcareous,  ferruginous,  silicious,  or  argilla- 
ceous (clay-like)  sandstones  are  those  in  which  the  cementing 
materials  are  of  a  calcareous,  ferruginous,  silicious,  or  argillaceous 
nature." 

Conglomerate  or  pudding-stone  is  merely  a  coarse  sandstone;  it 
differs  from  ordinary  sandstone  onl}r  as  gravel  differs  from  sand. 

Breccia  is  a  fragmental  rock  differing  from  conglomerate  in  that  the 
individual  particles  are  sharply  angular  instead  of  rounded.  The 
term  is  made  to  include  also  certain  volcanic  rocks  with  a  brecciated 
structure. 

By  this  definition,  the  terms  ''sandstone"  and  ''conglomerate" 
apparently  mean  the  same  thing,  excepting  that  the  particles  in  that 
rock  known  as  sandstone  are  considerab^  finer  than  those  in  the 
rock  known  as  conglomerate.  This  differentiation,  however,  is  due  to 
the  coarseness  of  the  particles  forming  the  bulk  of  the  rock,  therefore 
one  would  not  ordinarily  class  as  a  conglomerate  a  rock  which  was 
composed  of  fine  sand,  although  it  contained  a  few  large  pebbles. 
The  ordinary  idea  of  a  conglomerate  is  a  stone  composed  of  large- 
sized  gravel,  smaller  sand  grains  filling  the  interstices,  and  the  whole 
mass  Doimd  together  by  some  cementmg  material. 

Metamorphic  rocks  are  sedimentary  rocks  that  have  been  subjected 
to  heat  and  pressure. 

Igneous  rocks  have  come  from  the  interior  of  the  earth  in  a  molten 
state,  and  have  forced  their  way  through  other  rocks  or  have  over- 
flowed as  lava  beds. 

A  succession  of  rocks  possessing  unifonnity  is  called  a  "  formation." 

The  slope  of  a  bed  is  known  as  the  "dip"  and  the  direction  in 
which  the  beds  extend  is  called  the  "strike;  the  dip  and  the  strike 
are  at  right  angles  to  each  other. 

The  material  of  the  earth's  crust  in  the  region  of  Gatim  may  be 
roughly  classified  as  follows: 

fSedimentary.  /Conriomerate:  Coneplidatcd  gravel. 
pj^^uu^uwH  jr   -^gandBtoiK*:  Consolidated  sand. 

Rocks i  Metamorphic . .  Limestone . 

Iffneous  /Trap:  Basalt  (lava  flow), 

l^^        \Rhyolite  (fragmentary  tuff,  volcanic  ash). 

The  so-called  "volcanic  ash"  is  of  igneous  origin,  and  is  a  light- 
colored  powdery  deposit  thought  to  have  been  blown  into  the  air  by 


176  BBPOBT  ISTHMIAN  CANAL  C0MMIS6IOH. 

volcanoes,  carried  by  the  winds,  and  at  length  depositing  in  beds  by 
settling  through  water.  Interbedded  with  tlie  sandstones,  and  fre- 
quently forming  a  considerable  part  of  their  thickness,  are  beds  of 
exceedingly  fine  yolcanic  dust.  This  dust  was  blown  out  by  volca^ 
noes,  and  either  fell  into  the  lakes  and  settled  to  the  bottom,  or  else, 
commingled  by  the  violent  ram  storms  that  usuaUy  accompany  vol- 
canic eruptions,  it  was  carried  down  into  the  vallevB.  In  either  case, 
between  the  periods  of  eruption  the  finely-divided  materials,  eroded 
by  the  river  aoove,  float  down  and  settle  in  the  lakes,  cauong  the  vol- 
canic tuff,  and  the  resulting  rock  shows  the  light  and  dan-colored 
banding  of  the  materiab  t<^ther  from  such  opposite  sources.  (Plate 
83.) 

The  rhyolite  strata  may  present  entirely  different  anpearances,  due 
to  the  manner  in  which  it  was  laid  down.  Molten  rocss  of  this  mate- 
rial were  extruded  by  the  volcano,  and  f<Hrmed  sheets  bef<(»e  cool- 
ing which  spread  out  extensively  over  the  surface  of  the  ground.  In 
different  form  the  lava  which  in  the  crater  cooled  enough  to  become 
hard  and  brittle,  then,  broken  in  pieces  by  the  expansion  of  the  steam, 
was  blown  into  the  air  and  the  fragments  distributed  as  volcanic  dtist. 
This,  falling  into  the  water,  was  sorted  and  laid  down  in  beds  gimilAr 
to  the  water-borne  sediments.  The  beds  of  this  rtiyolite  tuff  are  much 
more  numerous  than  is  the  compact  massive  riivolite  poured  out  from 
the  volcanoes  in  molten  conditicm.  In  many  instaiwes  this  rhyolite 
tuff  is  highly  {khtous  and  permits  the  free  percolation  of  water;  in 
other  instances  it  is  firmly  cemented  and  nearly  impervious.  Perhaps 
the  method  of  its  formation  may  throw  light  on  its  permeabifity.  It 
might  be  expected,  falUng  as  dust  on  the  surface  of  a  lake  and*  there 
canbo^  and  slowly  sinking  to  the  bottom,  to  have  a  cellular  structure 
and  offer  opportunity  to  percolation.  On  the  other  hand,  that  por- 
tion of  the  dust  that  m^t  be  mingled  by  the  rain  into  a  sort  of  paste, 
running  down  into  the  valleys  and  there  settling,  would  present  a  most 
impervious  compound.  Geologist  Howe  in  his  report  (p.  114  of  the 
Annual  Report  of  the  Isthmian  Canal  C-ommission  for  1907)  says: 
''The  rocks  are  of  sedimentary  origin,  and  were  deported  an  the  sea 
bottom  at  some  distance  from  the  snore  in  the  form  of  sands  and  clays. 
Their  subsequent  hardening  into  rock  is  the  result  of  simple  cementa- 
tion by  calcareous  solutions  contained  in  the  sea  water  and  through 
pressure.  Certain  beds  are  harder  than  others,  since  the  nature  of  their 
constituents  favored  more  complete  consoUdation.  The  beds,  how- 
ever, are  not  to  be  regarded  as  uneansoKdaUd/^  They  are  all  [rode,'  * 
though  in  some  instances  soft  enough  to  be  loosened  with  a  pick." 

TRANSPOBTIKO  POWSB  OP  WATER. 

What  a  river  can  do  as  a  transportation  agent  is  obvious  when  it 
is  realized  that  the  weight  of  bodies  which  can  be  moved  by  a  current 
of  water  varies  as  the  sixth  power  of  the  velocity  of  the  current,  and 
the  diameter  of  the  bodies  moved  varies  as  the  square  of  the  velocity. 
If  a  pebble  1  inch  in  diameter  and  weighing  0.05  pound  is  rolled 
along  when  the  velocity  is  3 J  feet  per  second,  a  velocity  twice  as 
great,  or  7  feet  per  second,  will  transport  a  stone  4  inches  in  diameter 
and  weighing  3}  pounds.  This  power  of  transportation  is  especially 
noticeable  when  the  velocity  is  decreased.     If  a  1-inch  pebble  is 

«  The  italicB  are  for  the  purpoees  of  this  report. 
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being  carried  along  by  the  current  of  3)  feet  per  second,  and  the 
velocity  is  suddenly  decreased  to  one-half  foot  per  second,  the  trans- 

Sorting  power  of  the  current  then  would  be  able  to  transport  only 
ne  sand  and  clay,  and  the  coarse  gravel  and  pebbles  would  oe  depos- 
ited in  the  stream  bed.  This  physical  law  explains  the  occurrence 
of  the  gravel  deposits  in  the  upper  reaches  of  the  river,  where  there  is 
a  current  too  swift  to  deposit  tine  materials  but  gradually  losing  its 
load  of  coarser  stones.  It  also  shows  the  reason  for  the  deposits  of 
fine-divided  clays  and  silts  near  the  river  mouths  where  the  valley 
has  broadened,  the  bed  built  up,  and  the  current  grown  sluggish  in 
its  wanderings  over  the  alluvium  plane  built  up  by  the  river  itself. 
By  a  study  of  river  deposits  it  is  possible  to  trace  the  past  history  of 
the  stream  in  the  coarseness  of  the  beds  and  banks. 

Table  22. — Traniiporting  capacity  of  flowing  water  according  to  the  calculations  of 
Hopkins  and  experiments  of  Du  Buat — Quoted  by  Geihie^s  Textbook  of  Geology. a 


Inches 
■econd. 

Feet  per 
minute. 

Miles  per 
hour. 

Msteiial  moved. 

8 
6 
8 
12 
24 
36 
46 

eo 

72 
120 

15 

80 

40 

60 

120 

180 

240 

300 

360 

600 

a  17 

.34 

.45 

.68 

1.36 

2.05 

2.72 

3.41 

4.00 

6.84 

Just  move  fine  clay. 

Lift  fine  sand. 

Lift  sand  coarse  as  Unseed. 

Sweep  along  fine  gravel. 

Roll  along  pebbles  1  Inch  in  diameter. 

Sweep  along  slippery  angular  stones  the  size  of  an  egg. 

Hove  large  shingle. 

Erode  soft  schist. 

Erode  stratified  rocks. 

Erode  hard  rocks. 

a  Quoted  In  Trautwine's  Civil  Engineers'  Pocket  Book,  p.  577. 

Merriman  says  that  ordinary  small  loose  earthy  material  will  be 
transported  by  velocities  of  2  to  3  feet  per  second. 

Beasoning  rrom  the  above,  and  reahzing  that  as  rivers  approach 
their  mouths  their  gradient  becomes  less  and  less  steep,  their  width 
increasing  and  velocity  decreasing,  it  would  be  expected  that  the 
deposits  would  be  of  finer  and  finer  materials.  Elsewhere  it  is  shown 
that  the  velocity  with  which  water  percolates  through  soils  varies  as 
the  square  of  the  soil  grain.  From  this  it  would  appear  that  in  the 
reaches  of  the  river  near  to  its  mouth  one  would  expect  to  find  deposits 
impervious  to  the  flow  of  water,  while  in  the  upper  reaches  the 
coarse  gravels  would  give  the  freer  flow. 

OAPAorrr  of  books  and  soil  to  absorb  water. 

The  amount  of  water  that  is  permanently  lost  by  descent  to  great 
depths  is  comparatively  small.  The  amount  that  is  held  in  the 
ground  is  not  usually  a  considerable  portion  of  the  rainfall^  and  the 
amount  of  free  water — that  is,  water  available  for  use — is  insignificant 
when  measured  by  popular  ima^nation.  In  certain  localities,  as 
Long  Island,  there  are  comparativelv  large  supplies,  but  they  are 
exceptional  cases.  Free  water  must  be  distinguished  from  absorbed 
water,  since  materials  like  clay  hold  great  quantities  of  water,  yet 
give  up  only  very  small  amounts,  and  many  rocks  will  absorb  from 
30  to  60  per  cent  of  water,  yet  none  is  available  to  be  drawn  for  use. 
The  absorptive  capacities  of  rocks  and  soils  are  usually  expressed  by 
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their  porosities,  although  the  ratio  of  absorption  is  sometimes  used. 
Sandstone  is  the  best  water  bearer  of  the  solid  rocks.  Some  of  the 
fine-gained  stones,  however,  are  almost  impervious.  Conglomerates 
furmsh  some  water,  but,  as  a  rule,  their  absorptive  powers  are  much 
less  than  those  of  the  sandstones.  The  capacity  for  absorption  pos- 
sessed by  various  materials  is  given  below: 

Table  23. 


Material. 


Siiidoufl  sand 

OypseouB  soil 

Calcareous  soil 

Barren  clay 

Fertile  clay 

Loamy  clay 

Pare  clay 

Granite 

Limestone 

Sandntone 

Sand 

Clay 

Oranite 

Limestone  (marble) 

Sandstone 

Sandstone 

Qypsum 

Qtiartzite 

Quartzite 

chalk 

Clay 

Clay 

Sand  (uniform) 

Sand  (mixture) 

Slate  and  shale 

Soils 


Porosity. 


Percent. 
2&0 
27.0 
29.0 
40.0 
S0.0 
G0.0 

7ao 

.8 
40 

2ao 

33.0 
40.0 
.16 
185 

i&8e 

ia22 

7.18 

.8 

.21 

53.00 

53.00 

4&00 

35i00 

38.00 

3.95 

55i00 


Evapo- 
ration, 
24  hours. 


Authority. 


Per  cent.  [ 
88.0 


7&9 
52.0 
45u7 
34.9 


Report  on  Water  Supply,  VoL  III. 
-    Final  Report  Qeological  Survey  of 

New  Jersey. 


C.  C.  Vermeule,  Water  Supply  and 
Irrigation  Paper  No.  159,  p.  16.U.  S. 
Geological  Survey. 


B  ucktey-WiBconstn. 

MerriU. 

Gelkie. 

U.  S.  Department  of  Agriculture. 


In  the  third  column  in  a  few  cases  is  given  the  percentage  of  water 
evaporated  from  different  soils,  which  is  seen  to  vary  almost  inversely 
as  the  capacity  for  absorption.  If  the  resistance  to  evaporation  is 
taken  roughly  to  be  a  general  measure  of  the  resistance  of  the  material 
to  giving  up  water,  this  column  also  is  a  measure  of  the  relative  per- 
meability of  the  several  materials.  Besides  the  character  of  the 
material,  the  amoimt  of  absorption  depends  to  a  great  extent  on  the 
inclination  of  the  porous  beds,  the  amoimt  being  much  greater  in 
gently  inclined  beds  than  in  those  having  steep  dips. 

Bedding  planes  are  the  surfaces  separating  beds  of  stratified  rocks 
Where  the  character  of  the  rock  changes,  these  planes  present  more 
favorable  conditions  for  the  passage  of  water  than  other  portions  of  the 
rocks,  and  especially  is  this  true  when  two  types  of  rock  come  to- 
gether. Favorable  conditions  for  the  free  passage  of  water  through 
the  rocks  are  the  joints  and  fractures.  With  the  exception  of  loose 
and  incoherent  masses  like  sand^  gravel,  and  clay,  all  rocks,  however 
they  may  be  formed,  are  divided  mto  blocks  of  greater  or  less  size  by 
systems  t  cracks  known  as  joints.  In  the  igneous  rocks,  all  division 
planes  are  true  joint  planes  and,  varying  in  the  way  theyintersect 
each  other,  thev  form  more  or  less  prismatic  columns.  In  the 
sedimentary  rocks  the  joints  are  ordinarily  in  only  two  planes,  the 
third  being  the  bedding  plane. 

Joints  are  very  diflferent  in  order  of  importance.  Some,  as  the 
master  joints,  traverse  many  strata  and  remain  constant  for  longdis- 
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tances  and  considerable  denths.  while  each  layer  has  its  minor  joints 
that  are  conformed  to  that  layer.  One  set  of  joints,  the  strike  joints, 
run  more  or  less  parallel  with  the  strike  of  the  beos,  while  a  second 
set,  the  dip  joints,  follow  the  dip.  The  former  are  usually  thelarcer 
and  longer.  Jointing  is  formed  either  by  contraction  due  to  the 
cooling  of  lava  masses,  or  by  stretching  due  to  the  folding  and  uplift- 
ing of  all  strata.  It  nas  been  shown  by  experiments  that  a  brittle 
suDstance,  when  twisted,  cracks  in  two  sets  of  fractures  which  inter- 
sect each  other  nearly  at  right  angles,  and  in  rock  masses  one  of  these 
fractures  would  usually  follow  the  dip  and  the  other  the  strike  of  the 
strata. 

In  any  rock  mass  weathering  is  greatly  augmented  by  lines  of  weak- 
ness such  as  joint  and  bedding  planes.  In  homogeneous  massiye  rocks 
the  rate  of  disintegration  is  retarded  by  a  lack  of  vulnerable  points, 
and  the  resultant  form  is  that  of  rounded  bosses.  Even  when  not 
sufficiently  developed  to  be  conspicuous  such  joints  may  exist  as  lines  of 
weakness  along  which  moisture  and  other  agents  of  disintegration  make 
their  way,  and  the  gpradual  rounding  of  the  comers  produces  the  oval 
bowlders.  In  nearly  all  such  rocks  exfoliation  and  decay  take  place 
in  concentric  layers  like  the  coatings  of  an  onion.  Joints  are  the 
most  common  near  the  surface,  and  aiminish  in  number  and  definite- 
ness  as  depth  increases. 

That  water  is  "lost"  from  the  casing  does  not  necessarily  mean 
that  there  is  an  open  saturated  strata  capable  of  absorbing  all  the 
water  given  it  ana  flowing  off  like  a  river.     In  making  the  investi- 

fations  for  the  North  Dike  of  the  Nashua  Reservoir  at  Clinton,  Prof. 
V.  0.  Crosby  states  (Water  Supply  and  Irrigation  Paper  No.  145, 
p.  177)  that  'water was  frequently  lost  at  depths  of  25  to  100  feet, 
although  the  head  of  water  m  the  drill  above  the  ground  water  must 
be  little  or  nothing."  This  seems  to  prove  quite  conclusively  that 
the  water  is  absorbed  by  "thirsty''  or  exhausted  strata,  and  does 
not  rise  in  the  saturated  strata  to  overflow  in  the  water  table.  The 
movement  and  storage  of  ground  water  may  therefore  be  regarded 
as  highly  differential  and  complex  in  the  basal  and  frontal  portions 
of  a  aelta.  while  relatively  uniform  and  simple  in  the  top  sets  and  in 
the  main  Dody  of  the  fore  sets. 

Mr.  M.  L.  Fuller  states**  that  joints  are  especially  numerous  in  traps, 
conglomerates,  sandstones,  ana  shales.  The  sandstone  beds  are  com- 
monly jointed  when  exposed  at  the  surface,  but  to  what  depth  pro- 
nounced jointing  descends  is  unlmown,  although  the  jamming  of 
drills  in  wells  may  indicate  that  fissures  extend  to  considerable  deptlis 
in  sandstone.  Thus,  in  a  well  in  Hartford,  the  drill,  after  having 
penetrated  "blue  stone,"  entered  what  seems  to  have  been  a  con- 
glomerate, soon  after  which  it  became  jammed,  presumably  by 
encountering  a  joint  plane.  On  its  liberation,  water  began  to  flow. 
Again,  at  Hotel  Rosswin,  New  Britain,  a  well  penetrated  140  feet  of 
sandstone,  etc.,  without  finding  enough  water  to  keep  the  drill  wet, 
but  at  that  depth  the  drill  became  jammed  in  what  appeared  to  be  a 
crack  about  2  inches  wide.  As  in  the  preceding  well,  an  ingress  of 
water  followed  the  loosening  of  the  drill.  The  apparent  breadth  of 
the  crack  may  in  reality  be  due  rather  to  the  presence  of  soft  decom- 
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posed  rock  along  the  joint  plane  than  to  an  actual  opening  of  the 
size  indicated. 

If  the  waters  in  the  depths  of  the  Chagres  Valley  were  from  a  source 
other  than  the  hiUs  themselves,  in  dry  seasons  the  streams  and  springs 
at  the  base  of  the  hills  would  not  dry  up,  but  the  joint  planes  men- 
tioned above  would  serve  as  conductors  for  water,  and  a  permanent 
flow  would  be  established.  This  is  not  the  case,  as,  at  the  b^inning 
of  the  dry  season,  almost  all  of  the  small  streams  diy  completely, 
although  these  beds  are  rock  and  not  gravel  as  has  been  stated  else- 
where. 

The  rdle  that  joint  planes  play  when  borings  are  made  in  rock  is 
oftentimes  very  much  underrated  and  sometimes  ignored  altogether. 
Oftentimes  rocks  that  are  practically  impervious  to  the  percolation 
of  water  are  said  to  be  freely  water  bearing,  and  when  contradictory 
(conditions  are  found  in  contiguous  bore  holes,  it  is  remarked  as  a 
fact  that  this  is  past  understanding.  A  little  consideration,  how- 
ever, will  bring  out  facts  that  will  in  a  measure  explain  some  of  these 
phenomena.  Figures  1  and  6,  Plate  136,  are  presented  as  a  diagram- 
matic sketch  of  conditions  that  have  actually  been  encountered  on 
this  work.  The  sections  are  supposed  to  be  normal  to  each  other. 
This  description  is  presented  as  a  possible  explanation  of  certain 
conditions  that  were  exposed  by  borings  made  in  the  spillway  at 
Gatun.  Similar  conditions  were  discovered  in  the  case  of  the  pollu- 
tion of  a  driven  well  used  for  drinking  purposes  at  Atlanta,  Ga. 

Figure  6  shows  a  pocket  in  the  surface  of  the  rock  which  retains 
some  of  the  water  that,  having  percolated  through  the  soil  layer  to 
the  coarse  layer  of  disintcCTated  rock,  is  graduaUy  making  its  way 
down  along  trie  sloping  surface  of  the  underlying  rock.  The  numer- 
ous joint  planes  are  shown  in  the  figure  by  magonal  lines.  In  sand- 
stone rocks  these  planes  usually  foflow  the  direction  of  the  dip  and 
strike  of  the  rock,  and  are  generally  normal  to  the  bedding  plane.  A 
condition  of  this  kind  is  shown  in  the  photograph,  Plate  85.  Here 
the  pocket  and  issuing  stream  are  shown  imoer  the  arrow,  the  joint 
planes  are  shown  at  A**  and  ''B,"  and  the  coarser  material  on  the 
surface  of  the  rock  can  also  be  seen. 

It  may  at  first  be  thought  that  the  condition  is  theoretical,  but  that 
in  practice  very  little  water  could  be  accounted  for  in  this  way.  In 
the  case  shown  in  the  photograph  the  gathering  ground  is  quite 
limited,  yet  the  flow  has  contmued  for  several  weeks  in  gradually 
diminishmg  volume.  The  quantity  flowing  was  measured  at  least 
ten  days  after  the  steam  shovel  exposed  the  condition,  and  it  was 
then  running  at  the  rate  of  6  gallons  per  minute.  The  photoeraph 
was  taken  a  week  later  than  the  measurement.  The  hole  mignt  oe 
washed  down  to  the  rock,  into  which  it  might  be  chopped  for  a  little 
distance  when  it  crossed  the  joint  plane  p.  v.,  Plate  136;  the  water  used 
in  driving  the  hole  would  disappear  very  rapidly  instead  of  flushing  up 
around  tne  casing.  It  wotdd  oe  *'lost/'  and  the  drill  foreman  would 
probably  report  in  his  daily  record  that  he  had  chopped  down  through 
soft  rocK  or  gravel  and  had  encountered  a  very  porous  stratum.  This 
would  be  cased  off  with  pipe  and  the  drilling  proceed,  crossing  another 
joint  at  **  a*'  and  **  b''  it  tney  happened  to  connect  with  a  reservoir,  as 
IS  shown  in  the  cut,  water  would  run  in  the  bore  hole  and  it  might  then 
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be  said  that  a  water-bearmg  stratum  had  been  encountered  at  ''a." 
Casing  would  then  be  continued,  but  in  order  to  stop  the  flow  it  would 
have  to  extend  to  ''b;"  then  the  record  would  state  that  a  water- 
bearing stratum  was  encountered  having  a  width  the  distance  from 
"a"  to  "b."  In  case  of  well  2,  water  would  be  encountered  at  *'c" 
and  ^'d"  and  the  water-bearing  stratum  said  to  be  of  this  thickness. 
Thus  appears  the  so-called  remarkable  condition  of  the  same  strata 
furnishing  water  to  one  hole  and  none  to  another,  and  at  various 
de{)ths.  These  joint  planes  are  often  plugged  up  by  the  material 
wnich  the  water  carries  along  with  it,  and  the  ioint  plane  *'  p.  o/'  may 
be  so  closed  at  point  *'w"  butopen  below  "k;  in  this  case  the  water 
would  be  lost  from  the  casing  and  a  porous  open  stratmn  perhaps 
reported.  These  conditions  would  not  be  so  misleading  in  a  hard- 
rock  stratum^  for  then  the  crossing  of  joints  and  seams  would  readily 
be  noted,  as  is  usually  the  case  with  experienced  runners.  But  in  a 
formation  which  is  easily  chopped  through  and  which,  while  hard  and 
impervious  in  places,  is  soft  and  friable  when  exposed,  the  conditions 
reauire  careful  interpretation. 

infig|ure  6,  Plate  136, if  well  No.  3  should  cross  the  joint  plane  *' p.  o. ," 
shown  in  figure  1,  which  cuts  the  strata  in  the  same  general  direction 
approximately  as  this  section  (fig.  6),  then  the  conditions  of  artesian 
flow  would  be  established,  the  neaa  and  supply  depending  on  the 
height  and  capacity  of  the  reservoir  over  the  surface  oi  the  rock  at  the 
side  of  the  cut. 

Referring  these  conditions  to  the  Gatun  spillway,  it  is  found  that 
the  dip  of  the  strata  is  in  a  northerly  direction;  that  when  the  bottom 
of  the  excavation  was  20  feet  higher  there  was  much  more  water  than 
at  present,  although  the  rainy  season  had  not  then  been  fully  under 
way;  that  the  westerly  side  of  the  rock  cut  shows  water  the  length  of 
the  cut,  while  the  easterly  side  is  comparatively  dry.  If  the  water 
encountered  was  coming  from  underground  sources  it  would  increase 
rather  than  decrease;  it  would  also  cease  to  flow  from  the  side  of  the 
cut  and  be  concentrated  in  the  bottom.  The  west  diversion  gorge 
on  the  west  and  the  old  Chagres  gorge  on  the  south  effectually  cut  off 
any  supply  above  elevation  1.  It  therefore  seems  reasonable  to 
presume  that  all  water  coming  into  the  spillway  from  above  elevation  1 
must  come  from  local  sources,  and  the  varying  elevation  of  the  ground 
water  in  neighboring  holes  seems  to  indicate  this.  At  hole  No.  1064, 
center  line  and  axis,  a  stratum  of  sandy  rock  too  soft  to  core  was 
passed  through  at  elevation  — 15.  No  water  was  found  there,  while 
at  No.  1069,  north,  the  artesian  flow  noted  above  was  encountered. 
This  flow  was  started  June  8  and  had  exhausted  June  13.  This  hole 
a^ain  began  to  throw  water  when  pumping  in  the  spillway  pit  was 
discontinued. 

In  a  hole  300  feet  north  of  the  above  water  flowed  for  a  time  and 
stopped.  If  the  flow  was  supplied  from  a  water-bearing  stratum  of 
extent  sufficient  to  reach  from  the  neighboring  hills  or  from  some 
far-off  upstream  supply  it  could  not  be  exhausted  by  any  discharge 
so  small  as  that  of  a  2J-inch  bore  hole;  also  it  would  be  continually 
increasing  its  discharge  if  anything,  due  to  the  gradual  washing  out 
of  the  fine  materials  near  the  hole  and  thxia  enlarging  the  sphere  of 
reception  at  the  bottom  of  the  casing. 
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BOCK  FLOWS. 

[From  Water-supply  Paper  U.  S.  GeoL  Soirey  No.  145.] 

In  one  of  the  regions  in  southeastern  Michigan  visited  by  the  writer 
in  1904,  there  were  several  flowing-well  areas  in  which  waters  partak- 
ing of  the  character  of  rock  waters  rose  under  artesian  pressure  from 
the  fissured  superficial  portion  of  the  rock  just  beneatn  the  surface 
clays. 

The  locality  visited  is  in  southern  Wayne  and  northern  Monroe 
counties,  and  lies  along  the  lower  course  of  Huron  River.  The  region 
is  characteristically  flat,  the  surface  materials  consisting  in  general  of 
stiff,  sometimes  pebbly,  clavs,  covering  to  a  thickness  of  from  20  to  60 
feet  a  slightly  irregular  rock  surface  mainly  of  limestone  or  sandstone. 

A  carmil  study  of  the  wells  showed  that  the  water  simply  occupied 
the  fissured  upper  portion  of  the  rock  and  moved  eastward  entirely 
independently  of  the  character  of  the  rocks  or  their  dip.  Following 
the  wells  westward,  it  was  found  that  the  source  of  the  water  was  in 
the  drift  hills  resting  on  the  rock  a  few  miles  to  the  westward,  against 
which  the  clays,  serving  as  an  impervious  cap  to  the  rock,  terminate 
at  a  level  higher  than  that  of  the  flowing  wells. 

The  fissures  in  the  rock  appear  to  be  largely  of  the  nature  of  joint 
and  similar  cracks,  and  were  probably  opened  under  the  influence  of 
the  weather  when  the  rock  was  exposed  at  the  surface  before  its  burial 
by  the  drift.  Solution  crevices  dissolved  in  the  limestone  by  the  per- 
colating waters  also  form  a  part  of  the  fissure  system.  In  general,  the 
crevices  are  most  numerous  near  the  surface,  the  water  being  com- 
monly found  within  a  few  feet  of  the  top.  It  is  probable,  however, 
that  some  of  the  fissures  reach  considerable  depths  and  will  yield 
water  to  deep  wells.  The  water  in  its  passage  through  the  rock  dis- 
solves from  it  more  or  less  mineral  matter,  so  that  when  it  issues  once 
more  from  the  wells  it  possesses  the  characteristics  of  a  rock  water. 

Plate  168,  figures  3,  4,  5,  and  6,  show  condition  of  flow  from  joints 
in  stratified  rocks. 

ARTESIAN   CONBITIONS. 

ARTESIAN   WELLS. 

The  term  "artesian"  in  connection  with  driven  wells  often  is  taken 
to  mean  wells  from  which  a  flow  of  water  is  obtained  rising  above  the 
surface  of  the  ground.  The  elevation  of  the  ground  surface,  however, 
may  be  merely  accidental  when  compared  with  the  pressure  in  the 
water-bearing  stratum.  Of  two  wells  piercing  the  same  stratum,  one 
may  overflow  and  the  other  not,  due  to  the  relative  elevation  of  the 
surface  of  the  ground.  It  is  better,  therefore,  to  consider  all  wells  in 
which  the  water  rises  above  its  stratum  as  artesian,  and  to  designate 
them  as  *' flowing"  or  **nonflowing." 

Above  the  comparatively  narrow  gorges  at  Gatun  are  wide  valleys 
filled  with  the  alluvial  deposit.  If  there  were  any  considerable 
amount  of  water  running  through  these  narrow  gorges,  the  flow  would 
be  so  concentrated  that  a  considerable  velocity  would  be  created,  and 
the  water  would  have  forced  its  way  into  and  through  any  stratum 
that  it  could  possibly  erode.  Now,  it  appears  that  contiguous  holes, 
having  in  the  bottoms  similar  materials,  in  one  case  show  the«exist- 
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ence  of  artesian  water,  while  the  next  hole  is  comparatively  dry. 
One  can  be  pumped  out  with  buckets ;  the  other  shows  a  flow  with  pres- 
sure. This  is  a  most  evident  indication  of  the  nonexistence  of  any 
connected  undei^ound-stream  flow.^  The  indications  are  for  water 
in  the  material  under  pressure,  but  with  no  flow,  as  might  be  the  case 
if  the  water  were  furnished  from  joints  and  seams.  The  surface- 
water  streams  seem  to  flow  in  the  dry  season.  No  loose  gravel  beds 
appear  under  any  of  the  smaller  tributary  streams,  but  the  surface 
waters  percolate  through  the  disintegrated  rock  covering,  and  flow 
along  between  the  solid  rock  and  its  decayed  covering. 

1.  A  well  near  the  test  pit  on  Gatun  Island  was  carried  down 
through  a  water-bearing  layer,  and  was  then  capable  of  being  drained 
of  water  with  a  hand  bucket  down  to  100  feet  below  the  surface  of  the 
ground.  When  the  casing  was  pulled,  the  hole  immediately  flUed 
with  water  to  the  level  in  the  upper  layer,  and  it  was  then  impossible 
to  drain  it  by  the  means  previously  adopted,  yet  the  material  ootained 
from  the  bottom  of  this  hole  b^r  drive  sample  was  exactly  similar  to 
that  obtained  in  hole  No.  1054,  in  which  a  very  consideraole  artesian 
flow  was  encountered 

SOME  CONDITIONS  AFFECTING   SUBTERRANEAN  WATERS. 

[Bulletin  of  tbe  U.  S.  Geological  Survey,  p.  19.] 

Prom  the  paper  by  Prof.  T.  C.  Chamberlin,  entitled  ''The  Requi- 
site and  Qualifying  Conditions  of  Artesian  Wells,''  the  following  notes 
have  been  taken. 

The  simplest  condition  of  underground  waters  is  shown  in  Plate 
169,  figure  3.  The  water  enters  the  coarse  stratum  over  the  belt  AA, 
and  flows  down  the  dip,  being  confined  to  the  coarse  stratum  by 
impervious  materials  above  and  below.  When  it  is  tapped  at  B,  it 
rises  to  a  level  approximately  as  high  as  AA.  On  the  Coastal  Plain 
there  are  probably  several  qualifyii^  conditions  of  greater  or  less 
importance.  The  first  is  shown  m  Plate  169,  figjure  4.  This  repre- 
sents a  diminution  in  the  coarseness  of  the  materials  down  the  slope, 
until  finally  the  bed  becomes  so  fine  grained  as  to  be  impervious  to 
water.  Under  this  condition  a  well  at  C  would  afford  water,  but  one 
at  D  would  not.  In  case  this  finding  of  materials  were  in  irregular 
beds  or  in  local  areas,  the  districts  underlain  by  water  would  be 
restricted  to  the  areas  of  coarse  materials. 

This  relation  is  probable  throughout  the  Coastal  Plain,  for  the  old 
shore  of  the  deposits  was  near  A  and  the  fineness  of  materials  increases 
offshore  in  most,  if  not  all,  of  the  formations.  Beds  which  contain 
much  water  to  the  westward  sometimes  prove  to  be  entirely  fine 
grained  and  barren  of  water  to  the  east  ana  southeast. 

A  third  condition,  which  is  quite  widespread  from  Fredericksburg 
southward,  is  shown  in  Plate  169,  figure  6.  This  represents  an  over- 
lap of  fine  materials  across  the  catchment  outcrop  ol  the  coarse  beds, 
and  this  relation  probably  greatly  diminishes  the  amount  of  water  in 
the  permeable  bed. 

Figure  4,  Plate  170,  is  introduced  to  illustrate  the  reason  why  some 
of  the  beds  to  the  westward  which  hold  water  have  not  yielded  or 
possibly  may  not  yield  water  to  the  eastward. 

Figure  3,  Plate  170,  has  a  somewhat  similar  practical  bearing,  but 
beds  which  are  widely  overlapped  by  impermeable  deposits  in  one 
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p«rt  of  f,hi»  regirm  iin^  often  bisefi  ixl  otfier  sdms  aod  rckto  flJBiife 
w^t^  mipplj  dia^tuillT  down  che  (iip. 

Thi^re^  ftn»^  ouiaj  IimslI  e,fyttdisn!oxsB  duLt  affieet  nuicTBiaiil  ivdl?  or 
<4m:ill  areas4  wiikh.  :4hrmLi  be  Qlnatrftted  htas-^  fiir  tfapr  we  oftot 
n>f<ftrri»(i  to  in  the  foUowto^  {M^pss-  Thej  sn^  RpveaoLfieil  ia  tifac*  see- 
tioTi£«  m  fisnnrft  I,  PLite  170- 

T^Xtnn  Ir  fi^oTY''  L  Plate  ITO^r^^nefsaents  a  crra»Tei  beii  imw^wag  mki% 
cA^r  or  fine  .^anil  in  a  ftn^mnsmbed  aze*.  Welb  afi  B  andvl  and 
probably  aC  Dr  woulil  fioii  water-bearing  gra^^fe  on  6be  ctTStaibfte 
rook  noor,  whereas;  aC  A  there  wixiiii  be  ciavs  aE  the  war  dovii  and 
no  WAter  would  he  ohtamefL  Ll  sofzie  cases  at  A  the  gra^efe  mi^glit 
r^ontiniie.  but  with  a  cUt  matrix  whkii  exchuies  the  wmt^. 

Sf^tion  2,  fi^rnre  U  Plate  170^  r«prcsRLt»  the  occnrcmee  of  a  «nrsTel 
bed  which  is  cotnoIeti^lTr  melosed  in  elavs,  so  that  no  water  e«a 
mriUte  hx  it,  and  a  well  at  A^  aichon^  frrairng  faTorable 
f^>r  wat<*r,  woufcl  obtain  none. 

In  furire  7^  Plate  l^f>^  a  conditioa  is  illiistrated  wtiicii  is  in  a 
mfta»urf^  ^imiUr  to  that  shown  in  section  l^fi^:Tire  I,  Plate  170.  The 
water-b#^arin:?  beii^  he  in  channels,  as  it  were,  with  internmiz^  beds 
of  nonwat^^r-b^^rin^  materials.  In  tbiis  ca^se  wells  at  A  and  A  would 
be  .nUf  ci^«tf!jl^  but  those  at  B  and  B  would  not  be. 

In  f\';niTf^  0.  Plate  1<^0^  a  condition  is  shown  which  is  freqamtlT  met 
with  aion^r  the  western  bonier  of  the  Coastal  Plain  in  Marylazid  and 
northern  Virginia.  The  water-bearing  be«ls  lie  aboTe  sea  lerel  and 
are  cut  across  br  a  depression^  so  that  the  water  mar  escape  in 
springrs.  Accordmcriy  a  well  at  B  wofild  usually  &nd  bat  little  water, 
notwith.^tandrn^  the  fact  that  a  well  at  A  finds  an  abundant  supply 
in  the  same  betis. 

CO?n>ITIO!CS   WHICH   PBCMDITCB   TLCfWTSG  WELLS. 

[AsanAl  Raport  o<  Sew  hsnef  State  G«oi0gi8t  for  the  ymz  ISH,  p.  lAct  m^] 


Besides  these  conditions  giren  by  Professor  Chamberlin^  there  aie 
others  which  depend  upon  a  different  hydro-dynamic  principle.  The 
water-bearinc^  stratum  may  be  of  uniform  character  tnroognoQt,  and 
may  have  a  free  outlet  below  for  the  water^  and  may,  neTertheless, 
not  pffi^luce  flowing  wells.  This  is  owing  to  the  fact  that  there  is 
re^i-)tance  of  a  pipe  or  conduit  carrying  water.  It  is  well  known  to 
hydraulic  en^neers  that  such  a  pipe  as  the  one,  48  inches  in  diameter, 
which  .supplies  Newark  with  water  from  the  Peqnannock  Rirer,  for 
in.^tHnce,  ut^eH  up  a  certain  amount  of  head  for  eTeiy  foot  of  its  lenMh 
in  overcoming  rrictional  resistance.  Under  ordinary  conditions,  for 
this  particular  pipe,  this  amounts  to  2  feet  for  each  1,000  feet  of 
Ir-n^rtL  Now,  even  when  the  pipe  is  dischamng  its  normal  amomit 
of  alioijt  3o.000,rKK)  gallons  into  the  Newaric  reservoirs,  some  284 
fcj'X  lower  than  the  mtake,  if  a  vertical  standpipe  should  be  con- 
nert^d  with  it  at  a  pr>int  10,000  feet  downstream  from  the  intake,  the 
water  would  rise  in  this  standpipe  to  within  20  feet  of  the  level  of  the 
intake.  If  the  standpipe  is  20,000  feet  down  the  stream,  the  water 
will  rise  within  40  feet  of  the  level  of  the  intake,  etc.  A  line  con- 
nectin{(  the  leveb  of  water  in  a  series  of  such  standpipes  would  be 
known  as  the  hydraulic  grade  line  of  the  pipe  or  conduit.  A  water* 
iH'aring  stratum  discharging  freely  at  its  lower  end  may  have  a 
bimilar  hydraulic  grade  line.    Thus,  as  shown  in  figure  l,l^late  168| 
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the  pervious  water-bearis^  stratum  of  sand  or  grayel,  ABC,  having 
an  elevated  outcrop  at  A  and  a  free  discharge  at  C,  will  have  a 
hydraulic  grade  line  ADC,  and  if  a  well  tube  be  sunk  at  any  point  D 
into  the  previous  stratum,  the  water  will  rise  in  the  tube  to  this 
imaginary  hydrauhc  grade  line. 

In  the  flat  bottom  of  a  valley  (Fig.  5,  Plate  169),  and  extending 
somewhat  on  the  slopes,  there  is  a  local  deposit  of  clay  or  alluvium 
rather  pervious  to  water.  This  is  underlaid  by  a  pervious  gravel, 
or  it  may  be  a  seamy  rock,  Uke  red  shale.  The  rainfall  collected  in 
the  upper  portion  of  the  valley  passes  down  under  the  edges  of  this 
bed  of  clay,  and  then  must  find  its  outlet  underground,  beneath  the 
clay,  to  a  point  lower  down  the  valley.  If  wells  be  sunk  through  the 
overlying  clay  in  such  a  case,  at  A,  D,  or  C,  the  water  will  rise  a  few 
feet  above  the  surface  of  the  clay.  It  does  not  follow  that  the  over- 
lying bed  must  be  absoluteljr  impervious.  Some  water  may  be 
constantly  forced  up  through  it  and  seep  into  the  natural  dramage 
channels,  but  this  requires  a  slight  head,  which  is  represented  by  the 
few  feet  to  which  the  water  will  rise  above  the  surface  when  an 
opening  is  made  through  the  clay-bed.  In  such  cases,  especially  if 
tne  weU  happens  to  be  sunk  into  the  rock,  the  fact  that  it  flows  to 
some  height  above  the  surface  is  often  accepted  as  conclusive  proof 
that  it  has  a  distant  source,  but  our  illustration  gives  the  true 
explanation  and  shows  that  the  gathering  ground  of  the  wells  may 
be  only  a  few  hundred  feet  distant.  Finally,  it  is  conceivable  that, 
in  certain  cases,  wells  may  flow  for  a  time  from  pressure  exerted  upon 
the  water  in  the  earth  by  compressed  gases.  A  well  put  down  at 
Sandy  Hook  struck  gas  at  150  feet  deep,  having  a  pressure  estimated 
at  200  pounds  per  square  inch  which/  shot  the  sand  and  water  into 
the  air  to  a  heimt  of  75  to  100  feet,  but  gradually  fell  off,  and  in  tliree 
days  exhaustea  itself,  after  throwing  out  several  hundred  yards  of 
sand  and  dirt  with  water.'*  (See  Annual  Report  for  1896,  p.  185.) 
Had  such  a  well  not  penetrated  the  body  of  gas  itself^  but  only  a  body 
of  water  against  which  the  gas  pressure  was  exerted  m  such  a  manner 
that  the  gas  could  not  escape  through  the  well,  the  result  would  have 
been  a  flowing  well  of  more  or  less  permanence. 

FLOW  OP  WATEE  THROUGH   SAND   AND  GRAVEL. 

VNDBRFLOW  CONDITIONa. 

All  of  the  water  that  flows,  either  on  the  surface  or  undergroimd, 
has  its  primary  source  in  the  water  that  comes  from  the  clouds.  The 
rainfall,  when  it  reaches  the  earth,  is  disposed  of  in  three  general  ways: 
(a)  That  which  flows  off  over  the  surface  and  finds  its  way  more  or 
less  quickly  to  the  surface  streams;  (6)  that  which  is  evaporated  and 
thus  returns  to  the  clouds,  and  (c)  that  which  sinks  into  the  ground 
and  is  used  by  plant  life,  or  held  more  or  less  securely  in  the  under- 
ground reservoirs.  In  connection  with  this  last  amount,  there  is  a 
great  deal  of  popular  fiction  regarding  the  immensity  of  the  under- 
^ound  storage  and  the  huge  and  inexhaustible  rivers  that  are  rush- 
mg  seaward,  carrying  quantities  of  water  beside  which  the  surface 
streams  are  insignificant.  If  one  considers  that  the  underground 
water  is  from  the  same  source  as  that  flowing  in  the  streams  and 
that  usuallv  the  same  catchment  area  gives  the  supply  to  both^  the 
faJlacy  of  the  imlimited  imderground  supply  is  more  easily  perceived. 
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The  ordinsnr  poroeitv  of  9«iuls  aiidjn^da  idat  be  taken  as  bom 
30  to  36  per  cent  of  t^  materkL  TUs  means  \li*t«  em  j£  there 
were  no  frirtion  to  retard  water  in  flowing  through  saA  heds^  there 
w<Kild  only  paAB  qndergrouml  aboot  ooe^hird  ot  the  amoont  thmt 
flows  ID  nurfaee  channel  of  the  sukine  are*.  Beit,  as  h  sbcMm  on  page 
159  and  following,  there  k  great  ohstractioa  to  andervroand  flow,  even 
in  the  coarsest  graTeb. 

The  undereround  water  of  the  Giagrea  VaDer  at  Gaton  k  either 
from  an  fUK&rgroond  stream  making  its  war  seaward  throv^i  a 
porous  mediom.  or  else  it  »  wato"  falling  as  rain  in  the  ne^hboring: 
hill  slopes  and  «4owiT  finding  its  war  down  hill  to  the  lowest  portioDs 
of  the  Taller.  There,  heki  down  anH  backed  op  by  the  heavy  blanket 
of  imperrious  clay,  it  ex^ts  under  preasme  in  the  interstices  of  the 
sand  and  grarei  pockets.  These  are  of  ^reattf^  or  kss  extent  as 
unequally  ileiporiteil  by  the  mean^iering  rirer  and  by  the  varying 
velocity  of  the  water — now  swift  and  capable  of  moving  sravel  in 
timen  of  flood ;  now  slow  and  depositing  the  finest  sand  andclav. 

In  the  upper  reaches  above  uamboa,  and  to  a  less  degree  above 
Bohio,  the  beri  of  the  river  ia  nsin^:  and  the  current  k  always  com- 
paratively swift.  Here  one  woul«l  expect,  as  is  the  case,  to  find  the 
entire  Ije^l  covered  with  gravel  and  sand.  As  the  slope  of  the  bed 
becomes  more  and  mr>re  flat,  the  velocity  of  the  current  bec<Mnes  less 
and  lesn,  the  carr^nn^  priwer  decreases,  ami  the  deposits  are  composed 
of  finer  anil  finer  particles.  From  Bohio  to  Gatun,  a  distance  of  8| 
miles,  the  be«l  of  tne  .stream  has  a  slope  of  less  than  1.5  feet  per  mile. 
In  ordinary  sc^asons  the  cxnrent  is  »lu^]ori»h  and  a  great  sflt  carrier. 
In  HcartTias  of  AikkIs  the  river  becomes  suddenlv  a  raging  torrent, 
capable  of  moving  heavy  materials  of  consiilerable  size.  But  these 
ppriixls  are  fla^shy ;  the  flood  comes  and  goes  in  a  few  days.  Even  the 
hi^  flwxl  of  19<)6  laste<l  onlv  four  days.  During  these  flood  periods 
tlic  river  moves  along  gravel  and  sand,  and,  as  the  velocity  decreases, 
tiiin  b»  deposited.  Now  succee<ls  a  perio<l  of  slower  velocity-  The 
rain  has  ceased  and  the  river  is  falling.  Its  load  of  sand  and  gravel 
h&H  Ijeen  depc^^itetl,  but  tlie  finely  divided  silt  and  clay  is  still  Dome 
along  from  the  hea<lwaters,  and  the  load  of  this  matter  rapidly 
increa-^^'S  from  all  along  the  stream.  When  tlus  burden  comes  into 
the  slugjnsh  waters  in  the  lower  reaches  it  begins  to  deposit,  and 
qiiifkiv  covers  gravel  and  sand  deposits  previously  laid  down  by  the 
nvcr  in  its  swifter  perio<l.  Thus  are  formed  the  lenticular  pockets  of 
san/l  and  gravel  eml>e<lde<l  in  the  clay  deposits  of  the  river.  Laid 
down  in  this  manner,  it  woidd  not  be  expected  that  there  would  be 
rontinuoits  san<l  and  gravel  layers  in  the  lower  and  flatter  portions  of 
the  river.  This  inference  is  l>ome  out  by  the  borings  in  tne  vicinity 
of  (ratun.  Thore  are  no  crystalline  rocks  near  Gatim;  therefone 
\\u*To  arc  no  bcuis  of  san<l  and  gravel  formed  from  local  erosion.  The 
s^Mlimcntarv  nn^ks  are  comparatively  soft,  and  the  continued  rubbing 
und  wearing  of  the  water  re<luces  them  to  clay  and  not  to  the  rounded 
parrirles  that  make  up  the  enduring  sands  and  gravels.  The  slope  of 
the  river  is  too  flat  to  bring  do\nTi  the  coarse  gravels  and  sands  that 
make  up  the  continuous  dei>osits  al)ove  Boliio.  The  surface  streants 
in  the  vieniit  V  of  (ratun  flow  over  beds  of  soft  sand  rock  in  their  higher 
IMirtion-*,  an<l  in  the  valleys  they  have  cut  their  channels  in  the  allu- 
vium <»f  tije  river  l>ottoms.     Formed  as  above,  gravel  and  sand  beds 
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of  limited  extent  only  are  found  in  the  clay  deposits.  Some  of  these 
are  water  bearing,  and  some  others  a  short  distance  away  have  no 
water.  Bore  holes  in  the  immediate  vicinity  of  each  other  show 
entirely  different  formations  regarding  the  occurrence  of  the  gravel 
and  sand  layers  and  the  characteristics  of  the  materials  themselves. 

Wells  and  bore  holes  sunk  a  few  feet  to  rock  discover  a  considerable 
pressure  at  times,  although  no  water  is  apparent  on  the  surface.  The 
weathering  of  the  surface  of  the  underlying  rocks  presents  much  the 
more  porous  mediiuu  directly  on  top  of  the  hard  rocks  themselves, 
and  the  covering  becomes  more  and  more  im]>ervious  on  approaching 
the  surface.  This  clay-Uke  covering  also  becomes  thicker  as  it 
approaches  the  level  floor  of  the  valley,  due  to  the  accretion  of  mate- 
rial washed  down  from  above  bj;  surface  flow.  We  have  now  the 
condition  of  water  faUing  on  the  hillsides  and  percolating  through  the 
surface  layer  until  it  reaches  the  rock.  Along  this  sloping  surface  it 
flows  in  gradually  increasing  volume  imtil  it  reaches  tne  rock  in  the 
valley  floor.  But  here,  pent  in  by  the  ever-increasing  thickness  of  the 
impervious  clay  covering,  it  is  unable  to  force  its  way  in  any  consid- 
erable stream  to  the  surface  and  remains  stationary,  but  imder  the 
pressure  due  to  its  origin  or  to  the  weakness  of  the  overlying  strata. 
When  the  water  of  the  hills  has  filled  this  basin  below  (and  it  may  be 
likened  to  a  space  that  might  be  found  between  two  dishes  which 
could  be  filled  with  water  to  their  brims),  then  this  basin  must  over- 
flow in  springs  even  as  the  water  between  the  dishes  would  run  over 
the  edge  if  too  much  were  poured  in.  Tap  a  hole  in  the  bottom  of  the 
upper  dish  and  you  have  all  the  phenomena  of  the  artesian  flow  in  the 
valley  of  the  river.  Besides  the  pervious  medium  immediately  above 
the  rocks,  some  of  the  rocks  themselves  are  very  porous.  Now,  this 
water  imder  pressure  is  looking  for  a  way  to  escape,  and  as  it  slowly 
travels  along  it  comes  to  these  lenticular  deposits  of  gravel  and  sand. 
These  it  immediately  fills  with  water  under  the  pressure  due  to  the 
hills^  if  the  layer  of  surrounding  clay  is  not  too  thick  to  be  penetrated. 
Dunng  the  long  ages  water  has  penetrated  the  clay  coverings  to  some 
extent. 

If,  now,  a  bore  hole  is  sunk  into  one  of  these  pockets,  water  under 
its  original  pressure  immediately  runs  in  the  pipe.  If  the  top  of 
the  pipe  is  below  the  elevation  of  the  water  rim  in  the  hills,  then  an 
artesian  flow  is  established.  If  the  bore  hole  has  penetrated  tlie  per- 
vious layer  on  top  of  the  rock,  if  the  rock  itself  is  very  porous,  or  if  the 
gravel  deposit  was  laid  down  originally  in  the  pervious  layer  on  the 
rock,  then  a  continuous  flow  is  established,  its  permanency  depending 
only  on  the  size  of  the  tributary  basin,  i.  e.,  if  the  dishes  were  extremely 
large  and  the  pipe  extremely  small,  it  might  flow  forever,  depending 
onhr  oh  the  supply  from  the  rainfall  to  keep  the  space  between  the 
dishes  filled  to  tne  brim.  This  case  seems  to  exist  in  well  1054,  for 
example.  Again,  the  bore  hole  may  penetrate  a  sandy  or  gravelly 
layer  and  at  first  no  flow  appear,  but  later  water  may  come  to  the 
surface,  although  the  hole  was  not  lowered.  This  condition  was  found 
in  bore  hole  No.  1079,  and  may  have  been  due  to  an  impervious  chiy 
layer  between  the  sand  pocket  and  the  high-pressure  water  on  top  of 
the  rock,  which  was  thick  enough  to  prevent  water  penetratine  the 
sand  layer  under  ordinary  conditions,  but  too  thin  to  stanu  the 
pressure  when  the  superimposed  weight  of  the  gravel  above  was 
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removed.  Still,  a^in.  pockets  of  water  have  been  foimd  which 
flowed  for  a  time  under  head  and  then  the  tlow  sradnallT  diminishe^l 
and  at  length  ceased.  This  mio:ht  be  due  either  to  pockets  of  natural 
eras,  the  pm<luct  of  decayinsr  vegetation,  or  else  n:oni  water  in  the 
crravel  pockets  under  pressure  from  the  hiUs.  but  the  sopplv  main- 
tained by  slow  percolation  throu^rh  the  rlay  envelope.  Mten  this 
was  first  opened,  the  pressure  caiu^ed  the  water  to  rise,  but  as  the 
supply  was  limite<l  the  discharge  s<ion  ceaseti. 

Tliere  seems  to  l>e  no  indication  of  a  continuous  undercround  cur- 
rent in  the  vallev  of  the  Chaeres  parallel  with  the  surface  dow.  This 
condition  woidd  rpf|uire  continuoius  gravel  tieoosits  which  are  not 
shown  by  the  bonmrs.  Tliere  should  be  shown  a  welHefined 
hydraulic  o^adient.  This  does  not  appear.  Alon^  lines  appmxi- 
matcly  at  riirht  ansrles  to  the  axis  of  the  dam  in  a  distance  ox  al>out 
3*V)  feet,  special  pains  were  taken  to  discover  such  a  condition,  anil, 
wliile  in  some  of  the  holes  consideraide  water  under  pressiue  was 
found,  carefid  invent iirat ion  has  failed  to  establL^h  anv  continuous 
nnderlvin«;  water-bearinir  stratum.  In  holes  2iH)  feet  apart.  S4>nie 
have  riow  an«l  others  do  not.  ()n  account  of  the  alH)ve.  it  appears: 
i\  '  that  pervioiw  materials  are  not  continuous,  but  are  ancient  sand 
and  gravel  bars  burietl  and  «<urrnunded  by  an  impervious  envelope  of 
<*lav:  (2^  that  the  water  discovered  by  the  bore  holes  derives  its  pres- 
^nre  an<l  source  from  the  hills  surn^unilimr  the  valley:  <.3'  that  the 
lrtVf*r  mo^t  to  be  feared  for  its  water-bearirur  capacity  is  a  stratum  of 
santlv  clay  comparatively  near  to  the  surface.  This  layer  is  supplietl 
hv  surface  water  only.  and.  not  havinir  been  consolidatetl  bv  the 
weiirlit  of  the  superimposed  materials,  is  more  or  less  capable  of  mter- 
'Stitij^l  flow.  In  its  pre^^nt  state  water  is  not  ai^le  t4>  reaiiily  fl«>w 
thr«'»i]'jrh  this  material,  as  is  shown  by  the  experiments.  Pn>baMy 
the  immen^^e  wci::ht  of  the  proposed  liani  would  still  further  tend  to 
consolidate  it.  Nevertheless  there  is  a  layer  of  •Iraineti  s«.il  on  t«>p  of 
fhi^  layer  which  miirht  act  a^?  a  bridjre  and  prevent  the  full  weight  of 
the  embankment  }>einir  f^^lt.  If  a  n>w  of  sheet-piiin:?  were  to  be  driven 
enrirfMy  throiiirh  tlie  sari<i  and  srravel  layer  into  the  stitf  clay  F.ieneath. 
it  would  erTectually  stop  any  movement  of  water  thnxi^h  this  layer. 
either  from  the  hills  or  lake.  Any  f>onius  strata  in  the  spiUwav  can 
}»e  ciif  frff  by  a  curtain  wall  reach  in  ff  into  imtiervious  nx^k.  and  such 
would  l»e  the  case  in  the  loiks.  After  the  dam  L^  completed,  its  oi»"n 
sloj>^>  and  proj)f»r  precautions  at  tlie  extreme  en«ls  ii-ill  effectually  dis- 
fK»<#*  of  the  water  that  is  now  findinfr  its  wav  to  the  lower  levels. 

(hi  acfount  of  the  tratherin£r  area  and  the  impermeability  of  the 
in  terpen  iuiT  clay  l)eds,  the  amount  of  water  .<ieekin4r  undereround  pas- 
«ftL'e  thrrnitrh  the  older  IkmIs  is  very  much  less  than  in  the  deposits 
fthove  this  laver.  and  whatever  wourinjj  power  water  may  h&ve  to 
cl^nr  trravel  beds  of  their  line  interstitial  materials  is  much  more 
effertively  exerted  in  the  upyier  than  in  the  lower  beds.  Althoufi:h 
water  T>ent  up  in  this  layer  pushes  out  at  times  from  welLs,  it  must  be 
home  m  mind  that  its  actual  power  for  scour  at  the  bottom  of  the 
trortre  is  no  greater  than  the  heail  causing;  the  free  discharge  at  the 
snrfa'e.  When  an  artenan  How  is  seen  breakino:  from  a  pipe  and 
plnvinir  10  or  15  feet  into  the  air,  its  power  then  is  impressive,  and 
t  h»»  p#iwc!  exMfted  by  it  200  f«»et  Ixdow  the  surface  can  onlv  beimagined. 
Tlii'^  pouMi  of  water,  h*)wever,  can  only  be  exerted  when  there  is  a 
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free  outlet,  and  if  the  materials  surrounding  a  porous  bed  are  suffi- 
ciently impervious,  or  if  the  bed  itself  is  of  sufficient  extent  there  can 
be  verjr  little  motion  or  velocity  even  with  the  greatest  head.  Again, 
the  ultimate  destination  of  all  water  is  the  ocean,  and  although  the 

{)ressure  at  the  bottom  of  the  hole  may  be  sufficient  to  raise  gravel  of 
arge  size  through  the  free  outlet  afforded  by  a  pipe  the  actual  power 
of  this  water  to  wash  out  fine  materials  is  governed  by  the  height  it 
will  rise  above  the  level  of  the  water  in  the  sea,  and  tne  distance  its 
outlet  from  under  its  impervious  clay  blanket  may  be  from  the  point 
where  its  l^ead  was  measured. 

The  earth's  crust  may  be  divided  into  three  zones  according  to  the 
conditions  of  underground  water  circulation: 

1.  The  unsaturated  zone  extending  from  the  surface  of  the  ground  down  to  the  upper 
8urfac3  of  the  ground-water  body,  or  the  **  water  table." 

2.  The  zone  of  shallow,  or  *' surface  waters,**  extending  from  the  water  table  down 
to  the  first  impervious  stratum  of  considerable  extent. 

3.  The  zone  of  deep-seated  waters,  lying  below  the  first  impervious  stratum. 

The  unsaturated  zone  may  contain  a  considerable  amotmt  of 
water,  not  stationary,  but  in  transit  to  the  zone  of  shallow  waters. 
The  zone  of  shallow  waters  is  usually  a  unit  and  continuous  over  a 
considerable  area.  The  zone  of  deep-seated  waters  is  not  a  unit,  as 
there  are  in  most  cases  sevdtal  subaivisions,  depending  on  the  per- 
manence of  the  impervious  strata  in  the  zone.  The  water  table 
shows  a  general  agreement  with  the  slope  of  the  surface.  The  undu- 
lations or  the  water  table  are  less  marked,  however,  than  those  of 
the  land  surface,  the  water  standing  considerably  below  the  top  of  the 
ground  on  the  sununits  of  hills  ana  practically  at  stream  level  in  the 
valleys.  In  humid  coimtries  the  groimd-water  surface  is  very  near 
the  surface  of  the  ground,  due  to  the  frequent  replenishment  of  the 
zone  of  saturation. 

The  amount  of  water  stored  undergroimd  represents  the  slow 
accumulation  through  long  periods.  Some  accession  is  received 
from  the  surface  and  subsuixace  flows;  some  is  received  through 
absorption  from  flood  waters,  but  the  main  portion  is  received  along 
the  inner  edge  of  the  valley  at  the  base  of  the  hills  and  under  the 
clay  subsoil.  The  water  beneath  such  a  sloping  impervious  clay 
bed  finds  its  exit  along  the  lower  edge  of  the  bed,  but,  checked  by 
the  increasing  imperviousness  of  the  strata  through  which  it  is  pass- 
ing, or  by  a  fold  m  the  strata,  or  by  an  earUer  rioge  (see  rock  condi- 
tions south  of  dam)  against  which  they  abut,  it  accumulates  head 
and  flows  to  the  surface  of  the  ground  when  tne  overlying  confining 
mass  is  pierced  by  a  drill. 

This  IS  the  general  explanation  of  the  artesian  conditions  w^hich 
prevail  here.  From  the  valley  up  the  hills  the  water  table  rises,  giving 
the  conditions  for  artesian  pressure  in  the  valley.  As  has  been  stateti, 
all  waters  are  journeying  seaward  with  greater  or  less  speed,  and  the 
finer  and  more  compact  the  material  the  slower  will  be  the  rate  of 
motion  but  the  higner  the  static  head  may  be.  The  most  finely 
divided  and  impervious  materials  are  those  which  the  current  of  a 
river  carries  the  farthest,  and  the  beds  are  graded  from  coarse  to 
fine  down  the  valley,  the  finest  nearest  the  sea. 

Mr.  Ernest  Howe,  the  geologist,  who  examined  and  reported  on 
Isthmian  geology,  made  a  detailed  statement  **  regarding  the  filling 

a  Annual  Report,  Isthmian  Canal  Commission,  1907,  p.  127. 
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in  the  valley  of  the  Chagres,  and  to  facilitate  reference  his  conclusion 
is  here  reproduced: 

One  should  expect  to  find  at  the  bottom  of  auch  a  goige  as  the  Chagres  at  Gatun  a 
comparatiyelv  thin  deposit  of  coarae  gravel,  sand,  and  a  few  bowlders,  while  the  greater 
part  of  the  alfuvium  should  be  of  the  finest  clay  and  ailt  with  a  certain  amount  of  fine 
gravel  and  sand  mixed  with  it.  Such,  in  fact,  is  the  character  of  the  alluvium  filling 
the  gorge  of  the  Chagres,  as  shown  by  numerous  borings  made  at  Gatun.  The  boring 
records  indicate  considerable  sand  and  gravel  at  points  comparatively  near  the  present 
surface;  it  is  unlikely,  however,  that  any  sand  or  gravel,  unmixed  with  clay,  occurs 
in  the  deposits  except  at  or  very  near  the  bottom.  The  reason  for  the  boring  records 
specifying  "sand  and  gravel"  as  they  do  is  that,  when  samples  are  taken  from  time 
to  time  during  the  process  of  sinking  the  hole,  only  the  coarsest  material  is  collected, 
the  finer  clay  neing  held  in  suspension  and  carried  off  with  the  water  flowing  from  the 
hole.  In  certain  of  the  holes  temporary  flows  of  water  were  encount^ed,  but  after 
a  few  hours  the  flow  invariably  ceased.  Such  flows  are  believed  to  occur  when,  in 
the  course  of  making  a  boring,  the  casing  is  introduced  into  a  lenticular  deposit  of 
sand  or  water-bearing  gravel  under  pressure  from  the  overlying  beds.  The  sands, 
being  surrounded  by  much  XetB  pervious  material,  are  in  the  nature  of  reservoirs  in 
which  water  is  stored  under  pressure,  and  when  this  preesure  is  released  at  the  point 
where  the  casing  enters  the  sands,  water  may  rise  to  the  surface  if  under  .sufficient 

gressure,  and  flow  from  the  top  of  the  casing  until  the  pressores  are  readjusted.  Far 
'om  indicatii^(  porous  materials  underlyii^  ttie  site  for  tne  dam,  the  occurrence  of  such 
flows  only  proves  the  extremel  jr  impervious  character  of  the  materials  lying  between 
the  surface  and  the  water-bearing  beds. 

Beds  of  porous  material  up  the  river  become  saturated  with  water, 
which  slowlj  and  more  slowly  permeates  the  less  porous  beds  down 
stream  until  they  are  thoroumly  saturated,  but  have  verv  little 
movement.  This  water  is  unoer  great  pressure,  and  when  the  drill 
hole  comes  near  the  stratum  the  water  will  break  through  with  a  rush. 
As  the  flow  continues  it  increases,  due  to  the  ever  cleaning  and  enlarg- 
ing of  a  sphere  at  the  entrance  of  the  well  pipe.  Earthy  and  clayey 
matter  which  formerly  made  the  layer  impervious  is  now  washed  out, 
and  the  samples  show  a  coarse  gravel  of  a  very  porous  character 
which  entirely  falsifies  the  material,  that  drive  samples  of  the  material 
in  place  taken  before  the  flow  commenced  would  have  shown  to  be 
almost  impermeable  to  the  flow  of  water. 

TIIB   FLOW   OP   WATER  THROUGH   SANDS  AND   GRAVELS. 

The  phenomena  of  the  flow  of  water  through  sands  and  gravels  has 
been  most  thoroughlv  studied  by  Mr.  Allan  Hazen  and  by  Professor 
Schlicter.  The  results  of  the  determinations  by  the  former  appear 
in  the  report  of  the  Massachusetts  state  board  of  health,  1892,  while 
those  of  the  latter  are  found  in  the  Nineteenth  Annual  Report  of  the 
United  States  Geological  Survey,  Part  II,  and  in  Water  Supply  and 
Irrigation  Papers  Nos.  67  and  140  of  the  same  department.  Professor 
King  also  has  articles  on  this  subject  in  the  Nineteenth  Annual  Report 
of  the  Geological  Survey.  The  lormulse  which  are  most  used  for  such 
determinations  are  those  of  Hazen  and  Schlicter: 


Ilazen^s  formula . 

cd'h     t(Fah)  - 10° 
1    ^         60° 

WluTo  r= velocity  in  meters  daily  of  a  solid  column  of  the  same  cross  section  as  that 
of  the  sand. 
d^\\\e  effective  size  of  the  sand  grains  in  millimeters. 

c— a  constant  varying  from  450  to  1,000  according  to  the  cleanness  of  the  sand. 
A=the  head  of  water  causing  motion. 

/=thc  thickness  of  the  sand  layer;  ( .  =slope  of  ground-water  surbce). 

(= temperature  in  degrees  Fahrenheit. 
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Schlicter's  formula, 
^"  luk 

Where  Q=quantity  of  water  transmitted  by  the  column  of  sand  in  one  minute. 

^=aifference  in  pressure  at  the  ends  of  the  columns,  or  the  head  under  which 

the  flow  takes  place,  measured  in  feet  of  water. 
a=the  area  of  the  cross  section  of  the  sand  column  measured  in  square  feet. 

(It  is  to  be  borne  in  mind  that  **  a"  is  the  total  area  of  the  section  including 

sand  and  voids,  and  to  get  "r'  from  the  formula  Q=^  F,  *-a/*  must  be 

multiplied  by  the  percentage  of  porosity.) 
Z= length  of  column  in  feet. 
cf~the  mean  diameter  of  the  soil  grains  in  millimeters,  or  the  so-called '  'effective 

size. 
u=the  number  which  takes  account  of  the  friction  between  the  particles  of 

water,  and  is  the  coeflScicnt  of  viscosity;  its  value  decreases  rapidly  with 

increase  in  temperature, 
c^constant,  given  as  0.2012. 
v= velocity  in  feet  per  minute  through  the  sand  grains. 

The  relative  flow  of  water  of  various  temperatures  through  a  soil 
60°  F.  being  taken  as  the  standard  of  temperature,  is  shown  in  Table 
No.  24. 

Table  24. 


Teiuporature. 

Relative 
flow. 

1 
Temperature. 

Relative 
flow. 

•  F. 

O    p 

32 

a64 

i            70 

1.15 

35 

0.67 

!            75 

1.23 

40 

0.73         1 

1            » 

1.30 

45 

0.80         , 

85 

1.39 

fiO 

0.86          1 

90 

1.47 

55 

0.93         i 

95 

1.55 

60 

1.00 

100 

1.64 

65 

1.06 

The  relative  flow  of  water  through  sands  of  the  same  effective 
size,  but  packed  so  as  to  possess  different  porosities,  is  shown  in 
Table  No.  25. 

Table  25. 


Porosity  or 

percentage 

of  voids. 

Relative 
flow. 

1 

Poroeity  or 

percentage 

of  voids. 

Relative 
flow. 

26 
•  30 
32 
34 
36 
38 

0.50         ' 

0.81 

1.00 

1.22 

1.47 

1.76 

40 
42 
44 

46 

47 

2.09 
2.46 
2.88 
3.33 
3.57 

Regarding  the  flow  of  water,  Professor  Schlicter  says: 

It  is  seen  from  the  above  formula  that  the  quantity  of  water  transmitted  by  a  column 
of  sand  depends  not  only  on  the  length  of  the  column  and  the  head  of  water  as  expressed 
by  Darcy  s  law,  but  varies  in  a  most  remarkable  way  with  the  size  of  the  soil  grains, 
with  the  temperature  of  the  water,  and  with  the  porosity.  Since  the  flow  varies  as 
the  square  of  the  size  of  the  soil  grains,  this  element  m  the  formula  has  a  most  important 
effect,  as  doubling  the  size  of  the  soil  f^in  will  quadruple  the  flow  of  water.  Thus 
the  flow  through  a  soil  whose  effective  size  of  grain  is  1  mm.  is  ten  thousand  times  the 
flow  thiofigh  a  soil  whose  effective  size  of  grain  is  0.01  mm.  The  variation  of  flow 
with  temperature  is  also  important,  as  the  flow  at  70^  F.  is  about  double  that  at  32^  F. 
The  variation  in  porosity  is  quite  as  important  as  the  variation  in  temperature.  If 
two  samples  of  the  same  sand  are  packed  so  that  the  porosity  of  one  sample  is  26  per 
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cent  and  the  other  47  per  cent,  the  flow  through  the  latter  will  be  more  than  seven 
times  the  flow  through  the  former  sample.  If  the  two  samples  of  the  same  sand  are 
packed  so  that  their  pcxtisities  are  30  and  40  per  cent  the  flow  throueh  the  latter  sample 
wiU  be  two  and  six-tenths  times  the  flow  through  the  former  sample. 

TRANSMISSION   CONSTANT. 

The  resistance  offered  by  sand  or  gravel  to  the  flow  of  water  which  is  percolating 
through  it  is  very  great.  The  water  is  obliged  to  pass  through  very  small  pores, 
usually  capillary  in  character;  indeed  they  are  much  smaller  in  cross  section  than 
the  soil  particles  throu^  which  they  pass.  If  the  particles  of  sand  or  gravel  which 
make  up  the  water-bearing  medium  are  well  rounded  in  form,  the  pores  are  somewhat 
triangular  in  cross  section,  and  the  diameter  of  the  individual  ppres  is  only  one-fourth 
to  one-seventh  the  diameter  of  the  soil  particles  themselves.  Thus,  if  the  individual 
grains  of  sand  average  1  mm.  (one  twenty-fifth  inch  and  classed  as  fine  gravel)  in  diame- 
ter, the  pores  through  which  the  water  must  pass  average  only  one-fourth  to  one- 
seventh  (one  one-hundredth  to  one  one  hundred  and  seventy-fifth  inch)  mm.  in 
diameter. 

If  in  Schlicter's  formula  (2)  we  express  by  a  single  character  that 
part  of  the  expression  dependent  only  on  the  character  of  the  soil 

and  represent  this  by  k,  and  use  "i"  for  — : 

^"S^  (3) 

and  the  formula  for  flow  becomes 

q^kia  (4) 

v  =  ki  ^  ,        (5) 

The  constant  '*k"  is  the  quantity  of  water  that  is  transmitted  in  i 

unit  time  through  a  cylinder  of  the  soil  of  unit  length  and  unit  cross 
section  under  unit  dinerence  of  head  at  the  ends.  This  constant  '*  k" 
is  called  by  Schlicter  the  ''transmission  constant"  of  that  soil.  If 
the  ''transmission  constant''  of  a  soil  is  determined- for  a  ^ven  tem- 
perature and  porosity,  by  simple  arithmetical  computation  based 
on  the  relative  flow  shown  in  Tables  24  and  25,  and  the  relative 
pressure  gradient,  the  flow  under  any  other  conditions  is  determinable. 

The  most  convenient  method  oi  determining  flow  in  soils  is  by 
means  of  the  diagram  published  by  Professor  Schlicter*  and  repro- 
duced as  Plate  171. 

The  diagram  is  based  on  a  temperature  of  60^  F.,  and  is  used  as 
follows:  Suppose  that  the  amount  of  water  transmitted  by  a  sand 
per  square  foot  of  cross  section  is  desired,  if  the  effective  size  of 
the  soil  grain  is  0.55  millimeter,  the  hydraulic  gradient  2  feet  in  100 
feet,  and  the  porosity  is  36  per  cent.  Apply  a  rule  or  straightedge 
to  the  diagram,  passing  through  the  mark  0.55  on  scale  "d  (scale 
of  diameters)  and  the  mark  0.02  on  scale  "s"  (scale  of  slope  given 
m  percentage).  The  edge  of  the  ruler  will  locate  a  point  41  on  "u" 
(an  auxiliary  scale  for  transfer  purposes).  Put  the  jyoint  of  a  pencil 
on  41  in  '*u,"  and  move  the  ruler  so  that  its  edge  will  pass  through 
41  on  **u''  and  through  36  on  '*m"  (scale  of  porosity  and  appearing 
as  a  percentage).  The  plane  where  the  edge  of  the  ruler  crosses 
line  "q''  (scale  of  discharge)  0.0036  gives  the  discharge  in  cubic  feet 
per  minute  per  square  foot.  This  discharge  multiplied  by  the  area 
exposed  will  give  the  total  quantity.  The  quantity  flowing  is  based 
on  the  fundamental  formula: 

Q  =  velocity  X  area  of  cross  section  X  porosity. 


a  Opposite  p.  14,  Water  Supply  and  Irrigatioo  Paper  No.  140,  U.  S.  Geological 
Survey.  i 
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Therefore,  as  the  diagram  gives  the  quantity  per  unit  area,  the  veloc- 
ity among  the  soil  grains  may  be  determined  oy  the  formula: 

^  _  Discharge  per  jinit  area 
"~  Porosity  of  the  material, 

and  in  the  case  above  given  the  velocity  among  the  sand  grains 
would  be  at  the  rate  of  0.001  foot  per  minute. 

Other  experimenters  have  given  different  methods  of  expressing 
the  flow  of  water  through  sands  and  gravels,  and  some  of  these 
determinations  are  shown  below  in  tabular  form. 

Table  26.— Table  for  i^locUy  of  flow  through  permeable  90tl$. 

[  Values  otk  In  formula  v=M;  v=ye\o(Aiy  in  feet;  <=incllnation  or  foil  In  feet  per  foot] 
[Table  taken  from  Bulletin  No.  33,  Agricultural  Experiment  Station,  Colorado  State  Agricultural  College.] 


Kind  of  material. 


Minute  gravel. 
Coarse  sand... 

Fine  sand 

Sandy  soil 

Sandy  clay 

Clay 


Slseof 
grains. 


0.06 


.006 


Proportion 
of  voids. 


{. 


a  41 

.38 
.35 
.30 
.25 
.20 


Velocity. 


Per  second 


Feet. 

0.084 
.0026 
.00047 
.00032 
.00012 
.00003 
.00006 


Per  year. 


Ft€t. 

757.620 
81,730 
14,777 
6,807 
3,725 
1,035 
2,587 


To  use  this  table  in  practice  it  is  only  necessary  to  multiply  the 
above  figures  for  velocity  by  the  slope  of  the  surface  of  the  ground- 
water in  the  soil,  since  for  such  soils  tne  velocity  varies  directly  as  the 
slope.     The  table  gives  the  velocitv  for  a  slope  of  1  to  1 ,  or  45  decrees. 

The  experiments  of  Darcy,  as  developed  oy  Dupuit,  establish  the 
fact  that  the  flow  of  water  through  sands  is  similar  to  the  phenomena 
observed  by  Poiseulie  in  his  experiments  of  the  flow  through  capillary 
tubes. 

Example. — What  distance  will  water  paas  through  coarse  sand  in  a  year,  inclina- 
tion being  about  1  in  1007 

Here  i=xio.  If  the  sand  averages  Aj  inch  diameter,  without  finer  particles,  it 
would  approach  what  is  here  designatea  as  minute  gravel.  In  one  year  the  distance 
would  be  the  number  757,520  multiplied  by  the  inclination,  Ajf,  giving  a  distance 
of  7,575  feet,  or  about  1}  miles.  If  in  coarse  sand,  as  here  termed,  a  distance  of  about 
800  feet. 

The  following  table,  taken  from  Professor  Schlicter's  paper,  gives 
the  velocity  of  ground  waters  in  materials  of  different  grades,  pres- 
sure gradient  10  feet  per  mile: 

Table  27. 


Material. 


Fine  saod 

Medium  sand 

Coanosand 

Fine  giBTel 

67M8— 08 13 


Diameter. 

Velocity. 

Per  year. 

Per  year. 

0.2 
.4 

.8 
2.0 

0.010 
.041 
.16 

1.02 

Feet. 
58.8 
216.0 
846.0 

5.386.0 

Per  minate. 


Feet. 

0.00015 
.00041 
.00161 
.01086 
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If  these  TelocitieB  are  referred  to  the  Gatiin  dam,  the  following 
results: 

Table  28. 


Mgdlum 


DiaiiMter. 


Velocity   ' 
per  minute. 


a2 
.4 


lg^*mrf«l 


VedL 
0.000 
.027 


CoaneaaJid. 
Ftnegnvel. 


Diameter. 


VekKitr 
permfamte. 


1 


as 

2L0 


a  105 


The  conditions  of  Table  No.  28  are  porosity  of  32  per  cent,  tern- 

¥3rattire  of  85^  F.,  and  a  hydraulic  gradient  of  85  :  1,100  ::  1  :  13. 
able  No.  27  is  based  on  a  temperature  of  50"  F.  and  a  hydraulic 
gradient  of  10  :  5,280  ::  1  :  528. 

The  relative  flow  due  to  increased  temperature  is  1.62,  and  that 
due  to  increased  hydraulic  gradient,  40.  Therefore,  multiplying  the 
quantity  in  the  last  colimm  of  Table  No.  27  by  1.62X40  gives  the 
result  in  Table  No.  28.  The  conditions  of  this  calculation  suppose 
a  column  of  the  material  noted  in  the  table  to  have  a  lengtn  of 
1,100  feet  and  to  be  exposed  at  one  end  to  a  pressure  of  85  feet 
of  water  and  a  free  discharge  at  the  other  end  of  the  column.  One 
thousand  one  hundred  feet  is  about  the  length  of  the  hydraulic- 
filled  portion  of  the  dam  section  at  grade  0.  The  conditions  im- 
posed, therefore,  assume  that  the  material  in  the  foundation  is 
thoroughly  clean  and  of  a  size  as  given  in  the  table,  also  that  the 
thick  superimposed  impervious  clay  layers  do  not  extend  beyond 
the  limits  of  tne  dam.  Plate  172  snows  the  discharge  and  velocity 
in  permeable  materials  as  referred  to  the  Gatim  dam.  Plates  100 
ana  173  show  conditions  in  alluvial  valleys  and  the  measiu'ed  veloc- 
ity of  flow  through  the  imdergroimd  materials. 

Table  29. —  TabU  shovnng  rate  at  which  water  will  pass  through  different  sands,  with 
various  heads  ^  at  a  temperature  of5(f*  F,  expressed  in  feel  per  day. 


Head. 

1 

Mm.  0.1    1 

Inj 

..004 

a  001 

0.03 

.006 

.16 

.010 

.33 

.060 

1.64 

.100 

3.28 

.GOO 

16.40 

1.000 

32.80 

2.000 

05.60 

Effective  size  of  sand  10  per  cent  of  grains  finer  than— 


Head. 


Effective  size  of  gravel  10  per  cent  of  grains  finer  than— 


Mm.  3 

Ins.. 118' 


6 
.197 


33 

60 

131 

367 

670 

1,830 

3,050 


8 
.315 


66 
134 
256 
680 
980 
2,900 
4,300 


10 
.394 


98 

190 

361 

900 

1,260 

3,470 

6,100 


15 
.590 


164 

328 

624 

1,470 

2,000 

4,900 


20 
.787 


262 

485 

903 

2,030 

2,730 


25 


30 
1.18 


361 

672 

1,210 

2,550 

3,360 


492 

003 

1,570 

3,050 

4,000 


35 
1.38 


40 
1.67 


656 
1,260 
1,930 
3,570 
4,630 


820 
1,475 
2,330 
4,070 
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This  table  is  made  up  irom  the  results  of  a  number  of  experiments  made  in  con- 
nection with  the  study  of  filter  sands  by  Mr.  Allen  Hazen.  The  figures  given  are 
feet  and  inches  instead  of  meters  and  miUimeters  as  in  the  original,  wnich  was 
published  in  the  report  of  the  Massachusetts  State  board  of  health  for  1892,  page  554. 

The  above  figures  show  the  velocity  of  the  water  passing  through  1  square  foot 
of  sand  with  the  given  slope,  not  the  actual  rate  of  travel  of  a  particle  of  water  through 
the  sand,  which  will  be  raster  in  the  ratio  of  the  total  volume  of  the  sand  to  the  vol- 
ume of  the  voids  occupied  by  the  water,  or  about  two  and  one-half  times  the  velocity 
shown  in  the  table,  if  the  porosity  is  40  per  cent  of  the  mass. 

In  order  to  show  the  improbability  of  any  water  flowing  beneath 
the  alluvial  deposits  in  the  Chagres  gorges  that  may  affect  the  stability 
of  the  dam,  the  following  statements  are  eiven  as  the  results  of  the 
investigations  of  the  best-known  experts  along  these  lines:  Professor 
Schlicter  states  •  that  **the  highest  velocity  ever  determined  for 
ground  water  is  about  100  feet  in  twenty-four  hours/'  Assuming  a 
porositv  of  33  per  cent,  the  actual  velocitv  among  the  sand  grains 
would  be  at  the  rate  of  300  feet  in  twenty-four  hours,  or  0.21  foot  or 
about  2i  inches  per  minute.  Referring  to  Table  22,  it  is  seen  that  a 
velocity  of  15  feet  per  minute  is  necessary  to  move  clay,  Darton* 
states  that  the  rate  of  flow  in  the  sands  of  the  Dakota  formation,  from 
which  the  remarkable  artesian  wells  of  South  Dakota  draw  their 
supply,  does  not  exceed  a  mile  or  two  per  year.  Rogers  ^  reported 
to  the  Denver  Society  of  Civil  Engineers  tnat  Amencan  estimates 
agree  with  the  careful  and  exhaustive  studies  of  the  French  engineers, 
which  show  the  average  velocity  in  sands  to  be  about  a  mile  a  year, 
or  about  one-eighth  of  an  inch  a  minute.  Professor  Forchheimer** 
states,^  ''In  nature  clean  sands  or  gravels  are  rare,  and  the  permea- 
bility of  the  alluvial  deposits  is  therefore  mostly  a  slight  one."  Public 
water  supplies  are  generally  taken  from  the  most  permeable  strata 
that  can  be  gotten  at.  The  investigations  made  for  waterworks  are 
therefore  of  special  interest.  Table  No.  30  gives  the  velocities  (taken 
for  the  entire  cross  section  of  the  soil)  which  ground  water  of  about 
lO''  C.  or  50°  F.  acquire  at  a  gradient  of  h:  1  :  :  90  :  2,500  =  0.036  in 
some  of  the  underground  drifts  studied  for  public  supply. 

Tablr  30. 


Speed   la   niillimeters    per 

aecx>nd 

Speea  In  feet  per  second 


Lyon. 

Stmsburg. 

Dergiacb- 
Gladbacn. 

Augsburg. 

Vienna. 

0.068 
0. 000024 

0.170 
0.000688 

0.099 

0.148 

o.ooo4ai 

0.034 
0.000112 

1 

Bucharest. 


0.051 
0.000166 


The  seepage  and  inflows  as  observed  in  a  number  of  instances  are 
given  in  Tables  31  and  32. 

a  Water  Supply  and  Irrigation  Paper  No.  HI,  p.  9. 

f>  Eighteenth  Annual  Report  U.  S.  Geological  Survey,  Part  IV,  p.  609. 

t  Engineering  Record,  Vol.  XXV,  p.  435. 

^  Professor  of  hydraulics  at  the  A.  D.  K.  K.  Tecnischen,  Gratz,  Austria. 

«  Trans.  Am.  Soc.  C.  E.,  Vol.  XLVill,  p.  303. 
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Table  31. — Seepage  from  tome  candU. 
[Cable  feet  of  water  per  square  foot.] 


Canals. 


Fort  Moigan,  Colo 

Do 

Hoover  ditch,  Colorado . 
Kings  River  and  Fresno 

Fresno 

Fresno  laterals 

NavlgUo  Grande,  Italy.. 

Muxsa,  Italv 

Canale  Marteaana,  Italy 

Langoedoc,  France 

Chesapeake 

Chenango 

Erie 

Morris 

Delaware  and  Raritan . . 


Seepage 
per  day. 


Feet. 
a08 
fi.00 
1.2 
1.6 
1.7 
a  4-2.8 
1.2-4.4 
.9 
1.7 
1.5 
.23 
.42 
.42 
.42 
.71 
.71 


Remarks. 


Sandy  soU. 

New  canal  ( 1  equals  about  0.01). 

Sandy  soil. 

Do. 

Do. 
Different  sections. 

(Italian  canals  100  years  old  in  very 
pervious  soil. 

Carefully  constructed. 

American  canals  in  rather  Imper- 
vious  soils. 


I 


The  ordinary  rate  shown  above  is  from  0.4  to  1.5  feet  for  ordinary  to  rather  pervious 
soils,  ranging  upward  to  5  or  6  feet  in  extremely  pervious  soils.  These  figures  (0.4  t^ 
1.5)  correspond  approximately  with  Hazen's  for  inclination  0.01  and  materials  classed 
as  10  per  cent  finer  than  O.0O4  to  0.008  inch,  and  it  seems  probable  that  such  would 
be  the  average  condition  under  which  seepage  occurs. 


Table  32. — Other  rates  of  inflow. 


Infiltration  galleries  at  Lowell,  Mass.,  test  showed  that  the  inflow  through  sand 
and  gravel  was 

Infiltration  gallery  at  Brookline,  Mass.,  material  clean,  coarse  sand  and  gravel 

Toronto  Basin 

Gallery  at  Perth,  Scotland 

Gallery  at  Angers,  France 

Gallery  at  Angers,  France  (new) 

Gallery  at  Lyon,  France 

Gallery  at  Toulouse,  France 

Open  well  at  Long  Island  City  (W.  J.  Matheson  &  Co.)  in  fine  micaceous  sand 
mixed  with  gravel  (i  equals  0.6)<> 


Gallons 

per  day 

Feet  per 

per  square 

day. 

foot. 

ISO 

20 

245 

33 

82 

7 

182 

24 

187 

25 

300 

40 

147 

20 

228 

30 

360 


a  Inflow  to  this  well  varied  directly  as  the  head. 

These  tables,  Nos.  30  to  32,  inclusive,  were  taken  from  the  report  of 
the  state  geologist  of  New  Jersey  for  the  year  1898.  Commenting  on 
Table  No.  31,  he  says  that  ''the  figures  given  would  seem  to  indicate 
that  ordinary  sands  mixed  with  gravel,  as  they  occur  under  natural 
conditions,  ofiFer  as  much  resistance  to  flow  as  Mr.  Hazen's  sands  10 
per  cent  fiiier  than  0.012  inch." 
Respectfully  submitted. 

C.  M.  Saville, 

Assistant  Engineer. 
Lieut.  Col.  Geo.  W.  Goethals,  U.  S.  Army, 

Chairman  and  Chief  Engineer,  Isthmian  Canal  Commission. 

(Through  Maj.  Wm.  L.  Sibert,  U.  S.  Ariny,  commissioner  and  divi- 
sion engineer,  Atlantic  division,  Isthmian  Canal  Commission.) 
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APPENDIX  F. 

&EPOET  OF  IIXUT.  COL.  H.  P.  E0D0B8,  C0BP8  OF  SVOIHSERS, 
U.  8.  AEMT,  ASSISTANT  CHIEF  XVOmSEB,  OV  SSSI0V8  FOE 
LOCK  GATES  AED  MOYABLE  DAK. 


CuLEBRA,  Canal  Zone,  July  24f  i908. 

Sm:  I  have  the  honor  to  submit  the  following  report  of  pro| 
on  the  design  for  the  lock  gates  and  movable  dam  auring  tne 
year  ending  June  30,  1908.    This  work  was  placed  under  my  charge 
ny  your  circular  dated  February  21,  1908. 

''**  LOCK   GATES. 

The  preparation  of  the  desijgn  for  the  gates  for  the  different  locks 
on  the  canal  is  under  the  direct  charge  of  Mr.  Henry  Goldmark, 
desi^n^  en^eer.  Prior  to  July  1,  1907,  the  work  accomplished 
consisted  mamly  in  a  detailed  preliminary  design  of  the  rolling  gate 
for  the  lOO-foot  lock.  A  general  lay  out  was  also  made  of  a  mitering 
gate  for  the  lOO-foot  lock. 

Beginning  in  June,  1907,  the  design  of  the  mitering  gates  (for  a 
lock  of  the  same  width)  was  taken  up  in  detail.  The  theory  of  the 
stresses  in  the  web  plates  was  studied,  and  formulae  were  also  obtained 
for  calculating  the  required  flange  sections  by  a  direct  method  instead 
of  the  usual  method  by  trial. 

The  anchora^,  including  the  steel  castings  in  the  top  of  the  walls, 
were  designed  m  detail,  and  a  ^neral  lav  out  made  for  the  La  Boca 
locks.  In  connection  with  the  designs  or  the  anchorage  preliminary 
sketches  and  weight  computations  were  made  for  all  gates  on  the 
canal.  The  most  important  details  were  then  taken  up  in  succes- 
sion, viz,  the  hollow  quoin,  the  quoin  and  miter  posts,  the  sill,  the 
connection  of  gate  to  anchorage,  the  internal  structure  of  leaf,  and 
the  question  of  air  chambers. 

In  each  case  many  alternative  designs  were  fully  studied.  Those 
that  proved  undesirable  were  discarded  and  the  best  types  developed 
to  obtain  thoroughly  satisfactory  details. 

In  view  of  the  proposed  change  in  the  width  of  the  locks  compara- 
tive estimates  were  made  of  mitering  as  well  as  rolling  gates  for 
widths  of  100,  110,  and  120  feet.  An  extended  comparative  study 
was  made  of  cylindrical  and  straight-backed  ^tes  for  100,  110,  and 
120  foot  locks,  with  two  different  angles  of  silL 

An  investigation  was  also  made  of  the  effect  of  the  vertical  stiffness 
in  mitering  lock  gates  on  distribution  of  the  stresses.  A  general 
theory  was  developed  and  applied  to  the  gates  for  the  canal. 

The  studies  of  typical  details  have  been  revised  and  extended;  it 
is  believed  that  all  essential  parts  have  been  satisfactorily  covered. 
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At  present  the  status  of  the  work  may  be  given  as  follows: 

The  general  arrangement  of  gate  leaf  and  masonry  recesses  for 
110-foot  locks  have  been  worked  out.  An  economical  vertical  8pa^ 
ing,  involving  only  three  different  panel  heights  for  all  gates  on  the 
canal;  has  been  determined,  and  the  resultant  loadings  on  all  thef^ 
horizontals  calculated.  The  actual  cross  sections  of  these  girder> 
have  also  been  practically  ascertained.  The  same  may  be  sai^^ 
regarding  the  sheathing  plates  and  their  intercostals. 

The  typical  details  of  the  hollow  quoins,  quoin  and  miter  post5. 
and  their  internal  bracings,  as  well  as  the  bearing  pieces  and  aajus:- 
ments,  the  anchorage  casting,  the  pintle,  pintle  castings,  etc.,  nav-: 
been  drawn  out  in  detail.  These  details  are  believed  to  be  satisfht- 
tory  solutions  of  the  problems  involved  in  each  case.  Some  of  theE 
are  in  pencil  onlv  and  all  must  be  redrawn  with  the  rivet  and  kJi 
spacing  arrangea  for  use  in  the  several  gate  sizes. 

The  work  remaining  to  be  done  to  complete  the  plans  of  the  miter 
ing  gates  is  approximately  the  following:  Dimensions  of  cross  set 
tions  in  girders,  sheathing  plates,  intercostals,  etc.,  to  be  checke^l 
lengths  or  cover  plates,  etc.,  accurately  determined,  and  all  detail- 
modified  to  correspond  to  individual  cases. 

It  should  be  noted  that  the  upper  parts  of  all  the  gates  for  35  h> 
40  feet  will  be  identical;  that  there  will  be  little  if  anv  difference  in 
the  pintle  castings,  sills,  or  anchors.  Hence  many  of  the  drawings 
will  be  simply  outlined,  the  details  being  drawn  but  once. 

As  noted  above,  a  detailed  study  for  a  rolling  gate  designed  i- 
withstand  water  pressure  was  worked  out.  In  addition  to  this  t 
variety  of  other  forms  of  gate  have  been  studied,  which  appeared  t- 
possess  certain  advantages  as  barrier  gates  to  be  used  at  tne  dowih 
stream  end  of  the  summit  level  lock. 

The  results  of  these  studies  seem  to  show  that  a  skeleton  roUinr 
gate  not  adapted  to  resist  water  pressure  will  be  the  best  form  for  Ui«e 
m  this  place. 

KMERGENOY  DAM. 

Mr.  David  Molitor,  designing  engineer,  has  been  in  inmiediat^ 
charge  of  the  design  for  the  movable  dam  and  has  prepared  the  pla: 
outlined  below. 

The  study  was  undertaken  about  June  1,  1907,  at  first  in  a  genea 
way,  in  order,  to  determine  the  type  best  suited  for  the  purpose  an  j 
the  peculiar  climatic  conditions  prevalent  on  the  Isthmus. 

Any  structure  which  would  be  continually  under  water  was  deemtss 
unsuitable  on  the  grounds  of  inaccessibility  for  painting  and  makin 
repairs;  also  because  rapid  deterioration  was  certain  to  take  placf 
Attention  was  therefore  directed  at  once  to  the  bridge  type  of  dar 

An  investigation  of  the  hydraulic  conditions  of  flow  through  t!.' 
canal  following  the  destruction  of  a  lock  gate  has  shown  that  tli^ 
velocity  of  the  current  at  the  upper  approach  to  the  Gatun  lock  flijrh: 
would  oe  about  23.5  feet  per  second  with  water  at  a  depth  of  abi'i^' 
50  feet. 

With  this  condition  as  a  basis,  a  structure  is  being  designed  whi'l 
promises  to  be  suitable. 

The  design  has  progressed  to  a  state  where  all  general  features  at 
definite;  a  few  details  will  require  some  further  study,  and  iiuinr.'^ 
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ous  general  and  detail  drawing  remain  to  be  made,  though  much  of 
the  work  has  been  finally  completed ,  and  everything  has  been  planned 
as  shown  on  the  drawing  herewith.     (Plate  174.) 

There  are  two  vertical  trusses  forming  a  counterweighted  swing 
bridge  on  which  are  hung  a  horizontal  truss,  six  pairs  of  wicket 
girders,  and  six  sets  of  gates. 

The  horizontal  truss  is  fastened  to  one  side  of  the  downstream 
vertical  truss  and  the  wicket  frames  are  attached  to  the  upstream 
chord  of  the  horizontal  truss  at  panel  points.  The  bottom  ends 
of  the  girders  are  hung  from  the  upstream  overhang  of  the  swing 
span.  This  affords  a  most  suitable  system  for  manipulating  the 
lowering,  which  is  to  be  done  from  a  central  power  to  be  located  on 
the  counterweight. 

In  operating,  the  current  is  checked  by  successively  lowering  the 
first  set  of  gates  across  the  canal  and  then  proceeding  to  the  second 
set  and  so  on,  thus  ^aduallv  converting  tne  dynamic  energy  into 
static  head.  According  to  this  plan,  the  greatest  difficulty  m  the 
way  of  wicket  dams  is  obviated  by  obstructing  the  flow  from  the 
bottom  of  the  canal  upward  instead  of  by  vertical  wickets,  which 
latter  method  reduces  tne  final  opening  to  a  vertical  slot  with  water 
pouring  through  under  maximum  heao. 

Eight  sheets  of  drawings  are  completed,  showing  the  design  of 
the  wicket  girders,  the  gates  and  the  horizontal  truss  system,  includ- 
ing all  detaus  connected  with  these  elements. 

The  sway  and  lateral  system  is  all  sketehed,  but  not  finally  dimen- 
sioned for  all  panels  of  the  structure. 

The  vertical  trusses  are  planned  and  their  preliminary  details  worked 
out,  but  as  the  weights  of  all  other  parts  of  the  structure  must  be 
accurately  known  before  computing  tne  final  stresses  in  the  vertical 
trusses,  these  latter  must  necessari^  be  designed  last. 

Attention  is  invited  to  the  novel  style  of  truss  system  here  employed 
for  the  first  time  in  this  country.     It  affords  the  combined  advan- 
tages of  short  panels,  short  members,   and   rigidity,   and  enables 
carrying  all  stresses,  due  to  maneuvering  of  wickets,  in  one  plane. 
Kespectfully, 

H.  F.  Hodges. 
lAeutenarUnOolond,  Corps  of  Engineers ^  U.  S.  Army^ 

Assistavi  Chief  Engineer. 

Lieut.  Col.  Geo.  W.  Goethals, 
Corps  of  Engineers.  Z7.  S.  Army, 
Chairman  and  Chief  Engineer  Isthmian  Canal  Commission, 

CulehUj  Canal  Zone. 
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APPENDIX  G. 
KEPOST  07  THE  PAVAMA  KAILBOAD  OOMPATT. 


Coijon,  Panama,  Aagwsi  7, 1908. 
r>EAK  Sir:  Herewith  I  send  you  an  extract  from  my  annual  report. 
Yours,  truly, 

H.  J.  SUFER, 

General  Manager^ 
Panama  RaQroad  Company. 

Lieut.  Col.  Geo.  W.  Goethals,  U.  S.  Army, 

Chairman  and  Chief  Engineer  Isthmian  Canal  OmiintMum, 

OuUbra^  Canal  Zone. 


OFFICE   ENOmEEB  WORK. 

The  engineering  force  in  the  office  consisted  of  an  office  engineer, 
four  or  fire  draftsmen,  and  a  blueprint  boy;  all  designing,  mapping, 
caring  for,  and  indexing  of  records,  and  making  of  blueprints  being 
(lone  in  the  office. 

The  work  of  making  alignment  maps,  profiles,  and  station  plats 
was  taken  up  and  progressed  with  several  interruptions,  due  to  cur- 
rent work,  until  there  are  now  a  complete  profile  showing  top  of  rail 
elevation  and  alignment,  and  a  complete  alignment  map  of  both  the 
operated  and  relocated  line,  scale  1  mch»4^  feet,  and  station  plats 
or  all  station  lay  outs  on  the  operated  line.  These  latter  plats  are  on 
scale  of  1  inch  =  100  feet,  ana  show  every  svntch,  cross-over,  signal 
station  building,  etc.  They  are  kept  revised  whenever  any  chants 
in  the  lay  out  are  made,  and  therefore  are  of  great  value  in  showmg 
the  exact  conditions  at  each  station.  New  maps  of  Colon  and  Cris- 
tobal have  been  made. 

Considerable  time  has  been  spent  on  map  work  on  the  relocated 
line.  ^  A  general  map  showing  both  the  relocated  line  and  the  operated 
line  is  about  75  per  cent  completed.  Monthly  estimates  received 
from  the  engineer  of  construction  were  summarized  and  a  monthly 
rt^port  of  work  made.  Progress  profiles  of  all  work  were  kept,  a 
copv  being  submitted  with  each  monthly  report. 

The  maps,  profiles,  and  other  drawings  have  been  filed  in  drawers, 
a  card  index  oeing  kept.  The  office  contains  about  300  catalogues, 
of  which  a  card  index  is  also  kept.     All  notebooks  are  also  indexed. 

The  first  bridge  design  was  made  for  Gamboa  bridge  No.  309,  on 
the  relocated  line.  Design  was  completed  July  9  ana  presented  no 
unusual  features  except  the  tapper  span,  which  was  used  at  the  north 
end  of  the  curve  to  reduce  the  distance  between  centers  of  webs  on 
girders,  without  showing  a  break  in  their  line  of  continuity. 
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Bridge  No.  44,  on  the  operated  line,  was  known  to  be  unsafe  anj 
several  schemes  for  strengthening  the  old  girders  were  submittal 
The  one  finally  approved  consisted  in  replacing  the  three  north  spann 
with  three  new  through  plate  girder  spans  and  placing  steel  tJenf- 
under  the  centers  of  the  three  south  spans.     Details  of  the    ne^ 
girders  and  bents  were  then  drawn.     The  only  unusual  feature   b 
this  bridge  is  that  the  floor  beams  are  placed  about  midway  of  th 
webs,  instead  of  at  the  bottom.     This  was  done  in  order  to  eleva!- 
the  floor  of  cars  above  the  top  of  the  girders,  and  thus  allow  rock- 
f alUng  from  spoil  cars  to  be  thrown  over  the  girders  instead  of  agaiii< 
them. 

Plans  were  drawn  for  steel  viaduct  across  Gatimcillo  Vallev,  6,72* 
feet  long  and  80  feet  high  to  the  top  of  rail.  A  soUd  floor  was  designet 
for  this  viaduct,  as  weu  as  a  footbridge  and  hand-car  retreat. 

A  highway  bridge  over  the  relocated  Une  at  Gatun  was  designed  t- 
be  built  from  old  French  material.  This  is  the  only  skew  bricl^^ 
which  has  been  designed  in  the  office. 

Ten-bv-ten  arch  concrete  culvert  for  the  relocated  line  at  GratuE 
and  20-by-24-foot  arch  culvert,  to  be  used  at  two  openings  on  tk 
relocated  line  at  Pedro  Miguel  and  Miraflores,  have  been  designed. 

Section  for  the  timnel  at  Miraflores  and  portals  for  same  have  been 
designed. 

The  work  of  making  standards  was  taken  up  early  in  the  year.  A 
the  gau^e  of  the  road  is  not  standard,  a  great  number  of  foreign  stand- 
ards which  might  otherwise  have  been  adopted  were  useful  only  a» 
guides  to  good  practice.  The  following  standard  drawings  have  heez 
made  and  others  are  being  added  to  the  list  as  necessity  demands: 


BTRUCTURBB. 


108-foot  through-plate  girder. 
103-foot  throueh-plate  girder. 
60-foot  deck-plate  girder. 
45-foot  deck-plate  girder 
80-foot  through-plate  girder. 
40-foot  deck-plate  girder. 


30-foot  deck-plate  girder. 
Rail  top  box  culvert. 
Concrete  sidewalk. 
Temporary  shanties. 
Oil  box. 


TRACK  BTANDARD8. 


No.  10,  90-pounQ  turnout. 

No.  9,  90-pound  turnout. 

No.  7,  90-pound  turnout. 

No.  12,  70-pound  turnout. 

No.  10,  70-pound  turnout. 

No.  9,  70-pound  turnout. 

No.  8,  70-pound  turnout. 

No.  7,  70-pound  turnout. 

No.  6,  70-pound  turnout. 

No.  8,  56-poimd  turnout. 

No.  7,  56-pound  turnout. 

No.  6,  56-pound  turnout. 

No.  5,  56-pound  turnout. 

90-pound  rail  and  continuous  joints. 

90-pound  rail  brace. 

90-pound  frogs. 


90-pound  switch  points. 
90-pound  tie  plates. 
90-pound  sheared  angle  bar. 
90-pound  guard  rail. 
90-70-pound  compromise  joints. 
70-pound  switch  noint. 
70-pound  sheared  angle  bar. 
70-pound  tie  plate. 
70-pound  rail  and  angle  bar. 
70-56-poimd  compromise  joints. 
55-pound  frogs. 
High  switch  stand. 
Low  switch  stand. 
Track  spike. 

30-pound  rail  and  angle  bar. 
55-pound  svdtch  points. 


In  addition,  there  has  been  the  usual  amount  of  miscellaneous 
drawings  to  be  made.  The  blueprint  work  requires  about  14  yanb 
of  paper  per  day,  prints  being  made  in  this  oflSce  for  all  other  depart- 
ments as  required. 
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ENGDOKERINQ  DEPARTMENT. 


MADITBKANCB. 


The  total  expenses  have  mcreased  $164,000  over  1907«  due  pnnci* 
pally «to  large  forces  necessary  to  keep  up  new  track  on  tills  aiul  U> 
neavy  rail,  tie,  and  switch  renewals.  The  coining  year  will^  sliow  a 
decrease  in  maintenance  expense  because  physical  conditions  an^ 
excellent  and  the  second  main-track  embankment  has  had  uu^t  ^^  ils^ 
settlement. 

TRACK  DEPARTMENT. 

The  second  main  line  has  been  completed  and  is  now  in  use  betwtiNf'n 
milepost  7}  and  milepost  36},  milepost  40}  and  milepost  46 1«  and 
1  mite  of  the  La  Boca  oranch,  a  total  of  35 1  miles  of  double  main  t  rack. 

During  the  year  45,000  ties,  52,000  cubic  yards  of  gravel,  and  J5,iHH> 
cubic  yards  oi  crushed  rock  have  been  useu. 

New  side,  house,  and  commissary  tracks,  laid  with  7(>-}M>und  steely 
have  been  constructed  as  follows: 


Locatton. 


Ahoica  Lagarto. 

Frljolea 

Ban  Pablo 

Ooigona 

Las  Cascadas. . . . 

Calebra 

Pedro  Miguel.... 
Mlraflorea 


Total. 


Sidetracks. 


Num- 
ber. 


Length. 


FeeU 


236 
1.202 
1,460 


1.120 


4.006 


House  tracks. 


Num- 
Iwr. 


length. 


Feet. 
911 


rotnmlssarjr  , 

tracks. 


IVIjOs 


Nunw 
ber. 


length,  ,^"J**  J*M*«<^ 


726 


l,(ia6 


FreU 


I 


1.1») 
6W) 
67ft 


2,'JlVi 


FeH. 

m 

*«» 

1    1 

i.Aid 

l,4t^ 

1,UV 

m    > 

LAIN 

1     . 

.\rA 

1. 1» 

f.\>lw 


a  Built  In  1907,  1,600  fc«t. 


At  Mount  Hope  a  material  yard  containing  12,210  foot  of  track  w»ii 
laid  for  facilitating  the  handling  of  material  at  the  Isthinian  Canal 
Commission  material  and  store  yard.  The  cost  of  this  work  was 
borne  by  the  Isthmian  Canal  Commission,  for  whose  use  it  was  built. 

At  Colon  the  temporary  coach  yard  was  taken  up  and  a  pornuinont 
one,  containing  1,725  feet  of  track,  built.  The  old  terminal  hits  also 
been  removed  and  the  ground  filled  in  for  quarters.  This  provides  50 
of  the  choicest  building  lots  in  Colon,  lying  along  the  beach  botwi^ou 
the  church  and  the  hospital. 

The  old  Panama  yard  has  been  entirely  remodeled  in  onlor  to  ar<*om- 
modate  increased  passeiiger  business  and  faciUtate  the  hanclling  of 
freight.  As  now  being  built,  the  yard  consists  of  an  8-traok  diamond 
1,3W)  feet  long,  a  terminal  yard  consisting  of  a  new  turntable,  olivine 
house,  water  station,  cinder  pit,  and  machine  shop  on  one  side  of  the 
diamond  and  four  industry  tracks  on  the  other  side,  a  4-track  paswMi- 
ger  yard  and  3  pairs  of  team  and  freight-house  tracks  700  foot  long. 
The  team  tracks  and  freight  house  are  located  alongside  a  now  street 
that  has  been  opened  from  the  end  of  Balboa  avenue,  at  Sixteenth 
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street^  to  tius-  piimirTiErT  depo^*    Tht  work  neeesKlUblied  Iatiii^  tiu^ 
following  amfioot  of  tnck: 


]!(«w  7!V^imd  at«e£ _ _ __ _ r.^J4i 

a.  H-  TOCpoond  atisel _ —  .  LL,.5IU 

S.  E.  Sft^omui  :tfeel 21 


ToCftl _ - 22.:tiii 

Work  ia  90  per  cent  cofEipIetc-. 

O^ric^  to  t&^fa««^  diit^talm  fenflir  betw«a  L»  Cacxbs  «n.i 
Tabem^  it  hjM  been  neceaMtfy  to  nplftee  tiie  7(>pcM]zud  steel  oa 
eurres  and  short  tAogenta  on  this  Mrt  of  the  tme  with  90^M>aEiil  r&J. 
Qiing  eofxtmno^si  r^E  jointa.    DteiAUi  foOow: 

Trsrk  n^Iaid: 

Sootliboaxid _ mifeff--  9-  7* 

!7ortiiboviui - do S.  Jfe 

rmm-overa  ndbiid,  !^o.  10 da IZ,*W 

Tiimoixte  rdsud: 

^♦o.  10 4> 32.IW 

5o.  7 do 2.»W 

Total  co8t«  new^  material _-. _ 9123. 38»  -»» 

Value  9.  H-  matt^ml.  rR<:ovefi>d. 5L  ISa.  *:! 

3r«»t  coHt  of  matoial .._ 71, -tSX  V 

Total  !ab«r  f^M 301 71:L  ^ 

Total  oo«t laS^lM.  I4 

This  WiLS  &n  L^thmLui  CaiuJ  Cominiasioa  charge. 

The  following  ch;&nge;s  have  been  made  in  the  main  line: 

Juan  Grannie  cut-off: 

Leturr.h.  tnii**  p.<*t  27^  u>  2t>J feet..  X30O 

Savins?  in  •tii»tAno»* do 74!?  ^ 

y^a^injf  in  ourvatiire lOf®  34 

T.;talcr#t - $301414.44 

Parai.-»>  t'anoi  cro«?injr 

l>*nir ru  mile  T>*»t.  3?*?  co  4*H feet..  6L ttID 

lD«'r»i^j»e  in  d^rani** _ ..do 39B 

Iri<'?>fib»f  in  cur^ aniire 15P  3 

Ti  jTai  oi>;C - 154.039.  *» 

The  new  can&I  cr»>?sin^  was  necessanr  beeanse  the  old  line  passed 
thro^i^h  the  Pedro  Mi^njel  look  site.  Both  the  Juan  Granoe  and 
ParaL-^o  line  changes  were  in  the  interests  of  canal  constniction  and 
were  paid  for  by  the  Isthmian  Canal  Commission. 

Besides  these  two  line  changes  the  grade  was  raised  on  old  ali^^i- 
ment  at  Rto  Grande  re:servoir,  Barbacoas.  and  between  Tiger  and  Lion 
hilLs,  as  follows: 

RIO   ORXSIPE    REflEKVOn.    OCTOBRm.    1907. 

Grade  raised  3  feet  at  bri<lge  No.  56,  which  spans  the  spittwaj. 
Avemee  raLse  of  single  track  for  2,500  feet  was  1.3  feet.  Purpose  was 
to  increa^^e  the  rapacity  of  the  reservoir.  Total  cost,  $1^74.40. 
borne  by  the  Isthmian  Canal  Commission. 
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SABBACOAS,   FSBRUARY,    1908. 


Grade  raised  2.4  feet  at  bridge  No.  44.  Average  raise  of  double 
track  for  2,600  feet  was  2  feet.  Purpose  was  to  give  better  cleanutioe 
for  exteiision  flat  cars  loaded  with  excavated  material  from  Culebra 
Cut.    Total  cost,  $5,099.60,  bonie  by  the  Isthmian  Canal  Oommis* 


sion. 


nOBR  BILL,    MAY,   1908. 


Grade  raised  4  feet  at  bridges  25  and  26.  Average  raise  of  double 
track  for  3,000  feet  was  3  feet.  Purpose  was  to  prevent  tracks  bein^ 
flooded  by  back  water  due  to  canal  operations  at  Gatun  dam.  ToiM 
expense,  $6,100,  borne  by  the  Isthmian  Canal  Commission. 

The  tonnage  of  trains  was  not  affected  by  any  of  the  above  gntde 
changes. 

The  track  across  the  Black  Swamp,  near  Ahorca  Lacarto,  has 
always  caused  trouble  in  the  wet  season  oy  settling,  but  in  July^  19(>7, 
under  the  increased  number  and  weight  of  trains,  and  the  additional 
weight  of  the  fill  for  second  track,  this  settlement  became  rapidly 
worse  and  finally  at  noon,  on  July  30,  300  feet  of  double  track  eni« 
bankment  and  both  tracks  settled  about  12  feet.  Two  pile  drivers 
were  used  to  drive  a  trestle  across  the  break  and  traffic  was  resuiuotl 
on  the  morning  of  August  1,  forty-two  hoursafter  the  trouble  ooouritHl* 
On  September  20,  200  feet  more  of  the  swamp  settled  in  the  same  way 
and  was  similarly  replaced  with  trestle  after  forty-eight  hours  inter- 
ruption to  traffic.  In  view  of  the  proposed  abanoonment  of  the 
present  line  across  the  Black  Swamp  in  about  two  years,  traffic  will  be 
carried  on  by  use  of  the  trestle  in  the  meantime. 

BRIDQE   BUILDINQ   AND   DOCK  DEPARTMENT. 

Twentv-eight  bridges,  with  a  total  length  of  2,763  lineal  feet,  have 
been  built,  as  follows: 

New  main  line  bridges  built  July  1,  1907 ^  to  July  1,  JiHUi. 


Bridge 
num- 
ber. 


13). 
15.. 

25.. 
26.. 
27.. 


28i. 

49.. 
49i. 


Location. 


61|... 
82i... 


Qatim. 
....do. 


Tiger  Hill. 

....do.... 

do.... 


Black  Swamp. 

Joan  Grande. 
Ooigona 


Bas  Obispo. 
MirafloreB.. 
Corotal 


ToUl. 


Length. 


Feet. 

45 

163 

24 

32 

24 

32  . 

24 

32 

505 

565 

118 

17 

105 

16 

16 


Number 
tracks. 

Trestle. 

2 

1 

Lin.  ft. 

90 

163 

^            2 

56 

2 

56 

2 

56 

2 

1,070 

2 
2 

236 
34 

2 

210 

2 

33 

2 

48 

21 

2,051 

Reason  buUt. 


Replace  brldgi^  IS,  Mocked  by  ciatiin  diuiu 
Second  main  track. 

Raising  track  a)»ove  Imckwntcr  due  to  Uth* 
mlan  Canal  Comnilsslon  work  on  i)atim 
dam. 


Replaces  All  which  settled  in  swamp. 

Juan  Grande  cut-olT. 

Replace  culvi^rt  blocked  hy  Isthmian  Canal 

Commission  dump. 
Isthmian  Canal  Commission  diversion  of 

Obispo  River. 
To  drain  river  blocked  by  Isthmian  Canal 

Commission  dinnp. 
To  drain  swamp  for  sanitary  department, 

Isthmian  Canal  Commission. 
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Other  bridges  and  tresiUs  built  July  1, 1907,  to  July  1, 1908. 


Bridge 
num- 
ber 

Location. 

Length. 

Reason  bnilt. 

564 

Colebiia 

Feei. 
75 

16 

16 

IfiO 

285 

170 

mill. 
Fo**  Tfltbmian  OaniM  Cc^vpniiMon  third  track. 

624 

Corozai 

*M»3.  .... 

03 

do 

Do. 

Dock  14 

To  place  a  track  along  frdnt  side  of  dock. 

Ck>ld  storage  (Cris- 
tobal). 
La  Boca 

For  elevated  loading  track. 

Two  rnaJn  llnfi  bfidefM  nn  \a  JKoml  hrftricb,  Arrnfl*  Itilfifnijtn 

Total 

Canal  Commission  drainage  channel. 

»712 

o  Seven  bridges. 

Bridge  No.  44,  across  the  Chagres  River  at  Barbacoas,  has  been 
strengthened  to  equal  a  Cooper  E-60  structure,  hj  replacing  the  three 
north  spans  over  the  river  cnannel  with  three  entirely  new  spans  and 
by  strengthening  the  three  south  spans  of  the  old  bridge.  Both  floor 
system  and  main  girders  being  weafe  in  the  old  bridge,  it  was  necessary 
to  provide  new  floor  beams  and  also  to  place  steel  bents  imder  the 
micldle  of  these  spans.  As  the  Chagres  floods  will  not  admit  of  any 
obstruction  in  the  channel,  only  the  three  south  or  shore  spans  could 
be  so  strengthened.  New  floor  beams  were  placed  in  July  and  August , 
three  new  spans  were  installed  in  April,  and  steel  bents  were  pktced 
under  the  three  old  spans  in  May. 

In  Colon,  quarters  for  15  families  have  been  constructed.  3  of  them 
being  in  new  buildings  and  the  remainder  in  remodeled  buildings 
formerly  used  as  storehouse  and  stable.  Five  old  houses  have  been 
moved  to  new  locations,  entirely  repaired  and  new  plumbing  installed. 
A  new  4-room  schoolhouse  was  built,  occupying  part  of  the  site  of 
the  old  Colon  Terminal,  which  has  been  entirely  torn  down. 

New  roofs  have  been  constructed  for  docks  1,  2.  and  4,  Colon,  and 
a  12-foot  addition  built  on  the  north  side  of  Dock  4.  Total  cost  of 
these  dock  repairs,  $38,014.90. 

Other  work  done  in  Colon  includes  building  fences  around  docks  1, 
2,  and  4,  to  give  greater  security  to  freight,  and  building  2,000  feet 
of  riprap  sea  wall  and  1,000  feet  of  concrete  wall  between  the  Colon 
light-house  and  the  quarantine  hospital,  to  protect  the  beach  from 
the  action  of  storms. 

In  Cristobal  a  standard  building  for  quarters  for  4  families  has 
been  built,  a  paint  storehouse  and  a  general  storehouse,  together  with 

r)ipe  racks,  etc.,  constructed;  an  addition  made  to  the  oakery  and 
aundry  buildings,  and  the  cold-storage  plant  enlarged  by  moving 
the  offices  to  a  new  building  erected  alongside,  refrigerating  the  second 
floor,  and  building  an  additional  ice-making  room  on  the  first  floor- 
The  boiler  and  engine  rooms  were  also  enlarged  to  provide  power  for 
the  additional  refrigeration,  and  to  provide  space  for  tne  Colon 
electric-Ught  machinery,  which  will  be  consoUdated  with  the  cold- 
storage  power  plant. 

The  sales  room  in  the  Cristobal  commissary  has  been  completely 
remodeled,  and  the  upstairs,  formerly  occupied  by  post-office  and 
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court  room,  made  into  offices  and  storeroom.  A  40  by  50  3-story 
addition  has  been  built. 

New  section  houses  have  been  built  at  Mount  Hope,  Bas  Obispo, 
and  Pedro  Miguel.  The  Gatun  station  building  has  been  moved  back 
about  40  feet  to  clear  excavation  for  Gatun  dam.  In  connection  with 
moving  old  Gatun  village,  a  new  church  and  parsonage  have  been 
built.  These,  as  well  as  the  station  work,  were  paid  for  by  the 
Isthmian  Canal  Commission. 

Water  cranes  have  been  installed  at  Tabemilla  and  Matachin,  a 
new  freight  house  built  at  Empire,  and  the  old  Miraflores  station  torn 
down  and  moved  500  feet  north. 

In  connection  with  the  remodeling  of  the  Panama  yard,  the  work 
done  by  this  department  includes  installing  a  new  60-foot  turntable, 
erecting  a  21,000-eallon  steel  water  tank  and  a  water  crane,  ami 
constructing  a  douole  30-foot  cinder  pit.  New  buildings  erected  are 
yardmasters  office  and  dwelling,  engine  house,  and  addition  to 
machine  shop  and  carpenter  shop.  The  old  freight  houses  have  been 
removed  ana  reconstructed  so  as  to  make  a  house  42  by  540  feet,  with 
a  shed  addition  extending  the  whole  length  covering  two  tracks  on 
one  side  and  a  team  platform  on  the  other  side.  This  team  platform 
is  on  the  east  Une  of  the  new  street  which  runs  from  Sixteenth  street 
to  the  passenger  depot.  The  machine  shop  has  been  moved  and 
enlarged,  and  the  engineer's  quarters  moved  and  repaired.  The 
passenger  station  has  been  remodeled  to  permit  of  a  ticket-checking 
system  being  used,  and  a  concrete  platiorm  built  long  enough  to 
accommodate  the  increased  passenfjer-train  length.  An  8-foot  picket 
fence  3,000  feet  long  has  been  built  around  the  entire  yard,  to  give 
greater  security  to  freight  and  to  cut  down  exi>ense  for  watchmen. 

OONSTBUCTION  OF  UELOCATED  LINK. 

The  relocate<l  line  of  the  Panama  liailroatl  was  made  necessary  bv 
the  plans  of  the  Canal  ConnnisHJon  for  huildinff  an  85-foot  level  lock 
canal.  The  old  Panama  Railroad  will  bo  uhcu  from  Colon  as  far  as 
Mindi  (5  miles),  at  which  point  the  now  location  begins.  From  here 
the  Panama  Railroad  H(*eKs  itn  own  location  as  far  as  Bas  Obispo, 
where  it  enters  the  Culehra  Cut  and  {h  carried  through  tliis  cut  as  far 
as  Pedro  Miguel.  From  thin  |)oini  tlio  lino  again  finds  its  own  loca- 
tion, and  after  pasHing  throtigh  tlio  MiniiloroH  tunnel  it  connects  with 
the  old  Panama  Railroad  noiir  tho  Ciirdoniw  River,  a  point  near 
Corozal.  It  is  ne<'r.HHary  to  nntinlain  tho  high  level  from  Gatun  to 
Pedro  Miguel,  but  iifU^v  [iiiNNing  (ho  lock  Hite  at  Pedro  Miguel  the 
grade  is  dropped  about  'M)  foot^und  iiftor  piwmng  tho  tunnel  of  the 
ridge  opposite  MirafloreN  lorkH  tho  trnido  \h  dro|)pod  about  40  feet  to 
connect  with  tho  old  nuiin  linn,  Iho  oidy  grados,  therefore,  on  the 
new  line  are  at  either  end:  from  Mindi  t.o  (hit un,  where  it  rises  prac- 
tically from  sea  level  to  efeviition  Ufl,  and  from  rodro  Miguel  to  the 
old  main  lino  at  (?ardena«  Uivor.  The  nunainder  of  tlie  road  is 
practically  a  level  graile,  It)  feet  ahovo  tho  lake  level.  It  is  benched  in 
on  the  sioehillH,  on  the  eimfern  Hide  of  thoChagrcs  Valley,  from  2  to  3 
miles  from  the  ohi  ISinaina  nailrniid.on  what  will  be  the  border  of 
the  Gatun  Lake.     Tho  relocated  lino  in  being  built  an  a  single  track. 
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Construction  work  was  begun  in  May  and  June  of  1907,  during 
which  time  numerous  connection  tracks  had  been  started  from  the 
operated  line  to  the  relocated  Une  to  transfer  men,  equipment,  and 
supplies  for  grading  purposes.  During  the  months  or  July  and 
August,  1907,  this  wo»  or  preparation  went  on  veiy  rapidly,  many 
of  the  connection  tracks  were  completed,  and  considerable  grading 
was  done  at  certain  points  on  the  main  line.  In  the  latter  part  of 
August,  however,  orders  were  received  to  suspend  operations,  due 
to  a  lack  of  appropriation  for  this  work,  and  construction  work  on  d 
general  scale  was  i^ut  down.  A  definite  policy  was  outlined  to  i^ork 
only  at  the  following  designated  points,  wnere  the  construction  of  the 
new  line  would  materially  aid  Canal  Commission  plans: 

1.  From  Mindi,  through  Gatun,  to  Tiger  Hill,  a  distance  of  4}  miles. 

2.  At  Gsmiboa,  on  the  erection  of  the  permanent  steel  bridge  aeroas  the  Chagretf 
River  at  the  northern  end  of  Culebra  cut. 

3.  From  Oamboa  north  on  the  construction  of  approximately  2  miles  of  the  relocatevi 
line. 

4.  At  Miraflores  on  the  construction  of  the  tunnel  and  the  two  large  concrete  sirch 
culverts  at  Pedro  Miguel  and  Caimitillo  rivers. 

The  construction  of  the  relocated  line  at  Gatun  was  necessary  in 
order  to  be  able  to  vacate  the  old  Panama  Railroad  tracks  at  that 
point,  which  will  interfere  with  the  construction  of  the  Gatun  dam. 
The  construction  of  the  new  Chagres  River  bridge  and  a  few  miles  oi 
the  line  connectinjg  with  it  was  necessary  in  or^r  to  furnish  an  out- 
let from  the  Culebra  Cut  to  numerous  valleys  along  tlie  line  of  the 
relocation  which  will  afford  cheap  dump  erounds  for  excavated 
material  from  the  Cut.  In  the  relocation  of  the  line  the  ChaCTe^? 
River  was  crossed  at  a  point  about  10  miles  farther  upstream  tnan 
the  old  line  crossing  at  Barbacoas. 

This  crossing  is  exactly  at  the  northern  entrance  to  the  Culebra 
Cut  at  Bas  Obispo.  Work  on  the  Miraflores  tunnel  was  continued, 
as  time  is  the  largest  factor  on  such  a  piece  of  work. 

FROM  HINDI  TO  TIOER  HILL  THROUGH  GATUN. 

From  Mindi,  where  the  relocated  line  branches  off,  to  the  high 
level  of  95  feet  at  Gatun  (2  miles)  the  road  lies  on  the  Colon  side  of 
the  Gatun  dam.  These  2  miles  of  permanent  line  were  built  during 
the  year. 

A  photograph  showing  the  relocated  line  under  construction  just 
south  of  Gatun  is  attached.     (Plate  175.) 

At  the  same  time  a  temporary  line  (2.5  miles)  was  built  throufi:h 
what  will  be  the  lake  region,  connecting  the  high  level  (95)  with  the 
low  grade  (22)  of  the  old  main  line  at  Tiger  Hill.  This  temporary 
line,  however,  was  almost  entirely  embankment,  and  the  fine  so 
located  that  the  yardage  would  not  be  lost,  but  would  in  the  end 
become  a  part  of  the  permanent  line.  As  will  be  seen  from  the 
accompanymg  photograph  (Plate  176),  it  was  necessary  to  build  some 
of  these  embankments  m  two  or  three  decks,  due  to  their  immen^ 
height  (85  feet),  and  the  material  used  in  most  part  was  waste  mate- 
rial from  the  canal. 

This  section  of  4i  miles  is  now  finished  and  ready  for  operation. 
A  unique  feature  of  the  temporary  part  of  this  line  is  that  one  of  the 
old  wTought-iron  girder  spans  taken  out  of  the  main  line  bridge  at 
Barbacoas  was  used  across  a  shorter  span  at  the  Gatuncillo  River. 
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The  attachedphotograph  shows  the  building  of  a  10  by  10  foot 
arch  culvert  at  Gatun.     (Plate  177.) 

In  the  construction  of  the  temporary  part  of  this  line — ^from  Gatun 
to  Tiger  Hill— it  developed  that  the  crossing  of  the  valley  of  the 
Gatuncillo  River  was  to  prove  a  very  difficult  problem.  From  a 
point  of  the  Gatun  hills  to  Tiger  Hilly  a  distance  of  6,500  feet,  the 
relocated  line  Ues  on  the  bottom  land  on  either  side  of  the  Gatun- 
cillo Kiver.  The  elevation  of  this  groimd  is  about  8  feet  above  sea 
level,  and  the  original  plans  were  to  build  an  earth  embankment  84 
feet  hi^,  with  a  wide  top  and  flat  side  slopes,  which  figured  to  con- 
tain 4,250,000  cubic  vards.  It  was  proposed  to  haul  a  great  deal  of 
this  material  from  the  Culebra  Cut.  At  the  time  the  temporary 
trestle  was  started  for  making  this  fill  soundings  were  made  to  deter- 
mine the  character  of  the  bottom,  and  it  developed  that  there  existed 
an  upper  crust  of  25  feet  of  clay  and  sands  over  very  soft  clay  below, 
while  solid  rock  was  200  feet  below  the  surface  of  the  ground.  The 
most  serious  thing  is  the  nature  of  this  soft  brown  clay,  filled  with 
decomposed  wood,  which  occupies  the  space  between  the  upper  layer 
of  hara  clay  and  sand  and  the  solid  bed  rock. 

It  was  decided  at  the  time  this  report  was  made  that  it  was  nec- 
essary to  continue  the  construction  of  the  temporary  line  from  Gatun 
to  Tiger  Hill  to  complete  the  connection  between  Mindi  and  Tiger 
Hill,  even  though  a  permanent  line  could  not  be  built.  While  work 
on  this  temporary  connection  went  forward,  parties  were  put  into 
the  field  to  seek  a  new  location  which  would  avoid  crossing  the  Gatun- 
cillo Valley  at  the  point  mentioned.  These  surveys  developed  the 
fact  that,  first,  a  verv  goo<l  line  and  Gatuncillo  River  crossing  existed 
direct  from  Mount  tiope  through  Monte  Lirio  to  Bohio,  but  which 
would  have  the  disadvantage  of  leaving  Gatun  on  a  spur  line,  and, 
second,  that  a  line  could  be  secured  turning  up  the  Gatun  ridge  and 
connecting  with  the  Mount  Hope-Bohio  line  just  mentioned. 

These  hnes  were  taken  up  and  at  the  same  time  the  construction 
of  a  steel  viaduct  over  the  Gatuncillo  Valley  (in  place  of  the  immense 
dump)  was  considered.  The  decision  reached  was  that  the  choice 
lay  between  building  a  steel  via<luct  over  the  Gatuncillo  bottoms 
on  the  present  line  or  taking  the  new  line  up  the  Gatun  ridse  and 
crossing  the  Gatuncillo  River  farther  up  at  Monte  Lirio,  on  the  line 
as  located  from  Mount  Hope. 

Later  surveys,  now  un<ler  way,  have  developed  the  fact  that  it  may 
be  possible  to  further  improve  this  u|)i)er  line,  by  making  an  entirely 
different  crossing  of  the  Bohio  Ridge,  and  the  results  of  this  survey 
will  decide  the  question  of  the  crossing  of  the  Gatuncillo  Valley, 

THR   NKW   OAMIIOA    HRIDOIB. 

The  approved  location  for  the  now  Oamboa  Bridge  called  for  an 
opening  of  about  1,300  feet  acrosH  the  diagnw  Valley,  at  the  north 
end  of  Culebra  cut  and  hiph  enough  to  clear  the  future  elevation  of 
Gatun  Lake.  The  bridge  m  on  a  curve  and  connects  at  each  end  with 
a  40-foot  berm  along  the  cant  slope  of  the  canal. 

The  general  plans  and  HoecificaiionH  were  completed  July  9,  1007. 
The  bridge  was  dcsignod  for  Tooper's  K  AO  loading  and  under  the 
specifications  of  the  American  Kailway  Kngineering  and  Maintenance 
of  Way  Association.     It  consists  of  a  200-ioot  rivctted  truss  spar 
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the  Warren  type  for  the  channel,  and  14  80-foot  through  plate  girder 
spans,  of  which  9  are  on  tangent,  1  on  spiral,  and  4  on  a  6^  curve. 
The  channel  span  is  17  feet  ^tween  the  center  lines  of  trusses,  and 
34  feet  between  center  lines  of  top  and  bottom  chords,  giving  a  lat- 
eral clearance  of  7  feet  3  inches  from  center  of  track  and  a  vertical 
clearance  above  top  of  rails  of  22  feet  8  inches.  The  tangent  girders 
are  15  feet  6  inches,  center  line  to  center  line  of  webs,  givmg  a  lateral 
clearance  of  7  feet  1  inch  from  center  of  track,  while  the  girders  on 
the  curve  are  17  feet  between  center  lines  of  webs  to  sive  equal  clear- 
ance for  longest  cars.  To  give  an  uninterrupted  line  or  wel^,  a 
special  span  is  introduced  at  one  end  of  the  curve,  with  distance 
between  centers  of  15  feet  6  inches  at  one  end  and  17  feet  at  the  other, 
the  same  as  adjoining  ^ders.  The  other  end  of  the  curve  is  at  the 
truss  where  the  wide  girders  line  with  the  trusses.  The  least  clear- 
ance between  usual  surface  of  lake  (elevation  85),  and  the  steel  is  9 
feet,  which  will  be  reduced  to  about  7  feet  in  time  of  flood.  The 
total  weight  of  steel  is  1,105.12  tons,  of  which  206.6  are  in  the  truss 
span  and  the  remainder  in  the  14  girder  spans. 

Bids  were  advertised  for  August  18,  and  the  contract  let  August  28, 

1907,  to  the  Penn  Bridge  Company,  of  Beaver  Falls,  Pa.,  at  $59,600. 
New  York  delivery,  to  begin  February  1  and  be  completed  April  1, 

1908.  This  time  was  later  extended  one  month  by  tne  contract. 

Foundations. 

Diamond  and  wash  drill  boring  had  been  made  on  the  proposed 
site,  which  showed  that  it  would  oe  impracticable  to  carry  tne  foun- 
dations to  solid  rock,  except  at  the  south  abutment.  Piers  and 
abutments  were  therefore  designed,  founded  on  grillage  piles.  The 
masonry  is  machine-mixed  broken  stone  concrete,  using  Rio  Grande 
Superior  rock,  Panama  Beach  sand,  and  Portland  cement.  The  mix- 
ture was  1-2-5,  being  especially  rich  because  the  sand  used  is  not 
first  class. 

The  following  photographs  are  attached : 

(a)  Gamboa  Bridge  site,  after  completion  of  trestle  connecting  with  old  French 
Bridge     (Plate  178.) 

(6)  Gamboa  Bridge,  showing  south  abutment,  first  two  piers,  and  cofferdam  fur 
third  pier.    (Plate  179.) 

(c)  Gamboa  Bridge,  looking  south.    (Plate  180.) 

Id)  Gamboa  Bridge.    Placing  last  member  of  top  chord,  channel  span.    ( Plate  181 . ) 

Also,  on  account  of  the  poor  quality  of  sand,  the  rock  was  crushed 
to  pass  through  a  1 J -inch  ring  and  used  '*  crusher  run,"  thus  contain- 
ing a  large  proportion  of  fine  broken  stone  which  furnished  a  substi- 
tute for  sand.  The  piers  are  heavily  reenf orced  with  old  French  rail. 
All  piers  were  built  with  a  batter  of  0.707  inch  per  foot.  The  abut^ 
ments  were  designed  to  be  buried  and  have  no  batter.  When  the  Gatun 
Lake  is  flooded  all  grillage  piles  will  be  far  beneath  the  water  line, 
but  as  it  will  be  some  five  or  six  years  before  this  takes  place  creo- 
soted  piles  only  were  used  for  foundation.  The  accompanyii^  table 
gives  details  or  size  and  construction  of  the  various  piers  and  abut'- 
ments. 
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Bridge  No.  S09. 


8CCTI0N  THROUGH    B-B. 


Erection. 

A  bridge  had  been  built  at  this  point  by  the  French,  of  which  two 
spans,  respectively  100  feet  long  and  200  feet  long,  were  still  standing. 
Although  too  light  for  heavy  traffic,  they  were  valuable  for  construc- 
tion purposes.  A  temporarv  trestle  was  built  from  the  north  end  of 
the  channel  span  of  this  bridge,  18-foot  centers  for  the  new  bridge,  to 
a  point  beyond  the  north  abutment.  The  south  end  of  the  100-foot 
span  was  connected  by  track  with  the  track  in  Bas  Obispo  cut.  Over 
this  track  and  bridge  all  material  for  construction  of  the  piers  was 
handled,  and  the  trestle  served  in  place  of  false  work  for  the  spans 
north  or  the  truss,  i.  e.,  for  eleven  of  the  girder  spans.  *  In  the  con- 
struction of  this  trestle  9,391  Unear  feet  of  piles  were  used. 

The  first  shipment  of  steel  left  the  shops  in  Beaver  Falls  February 
25,  1908,  and  the  last  March  20.  They  arrived  in  Colon  March  25 
and  April  10,  respectively.     The  girders  were  erected  in  the  Gor- 

fona  shops  of  the  Isthmian  Can^l  Commission  and  shipped  to  the 
ridge  site  set  up,  ready  for  landing  on  the  piers.    The  shop  erection 
began  March  27  and  was  finished  by  May  27.    To  place  the  3  girder 
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spans  south  of  the  river  channel  and  to  erect  the  truss  it  was  neces- 
sary to  drive  false  work  from  the  south  end.  This  had  been  done  by 
the  time  the  first  shipment  arrived  on  the  Isthmus,  and  on  April  1  the 
erection  of  the  truss  span  was  be^un.  Work  was  pushed  as  rapidly 
as  possible  in  order  to  get  it  in  place  before  the  ramy  season  should 
enaanger  the  false  work.  This  was  accomplished  when  the  span  was 
swung  April  14.  The  false  work  was  then  cut  off  at  water  level  and 
removed.  The  girders  for  the  spans  north  of  the  channel  were 
landed  with  two  cranes,  one  of  which  stood  on  the  temporary  trestle 
and  one  on  the  last  completed  span  of  the  new  bridge.  Three^  and 
part  of  the  time,  four  riveting  gangs  were  kept  at  work  and  practicallv 
all  riveting  was  completed  June  30, 1908.  rainting  of  the  oridge  will 
be  deferred  until  the  next  diy  season,  all  rust  being  removed  witli 
wire  brushes  and  a  coat  of  oil  having  been  applied  immediately  after 
erection. 

Summary  of  cost. 

Coflt  of  placing  concrete  in  piere,  3,518  cubic  yards,  labor  and  material,  at 

119.54  per  cubic  yard $68,753.03 

Cost  of  falae  work 6,855.67 

Cost  of  steel  and  erection 83, 025. 04 

Handling  of  miscellaneous  material 2, 433. 40 

Cost  of  hardware 2, 226. 41 

Total  cost 163,293.55 

This  total  cost  may  be  further  divided  as  follows: 

Substructure $75,608.70 

Superstructure 87,684.85 

Total 163,293.55 

FROM  OAMBOA  BRiDOR  TO  JUAN  ORANDB  (2  miles  north  of  Gamboa). 

As  previously  outlined,  this  section  of  the  line  was  built  because  it 
opened  up  several  important  dumps  for  waste  material  from  the  Cule> 
bra  Cut.  A  comparatively  small  force  was  kept  at  work  on  this  sec- 
tion the  entire  year.  Only  small  water  openings  were  put  in  perma- 
nently, the  larger  valleys  oeing  left  with  an  open  temporary  trestle. 
One  temporary  connection  was  built  from  the  Qorgona  gravel  pit  to 
land  a  steam  shovel  to  work  on  large  sidehill  cut.  The  excavation 
of  the  remainder  of  this  section  was  done  by  hand  labor  and  task 
work  was  here  used  to  good  advantage.  The  located  line  here  crosses 
several  long  valleys,  and  it  is  at  these  points  the  Canal  Commission 

Broposes  to  estabiisn  dumps,  the  material  to  be  hauled  out  of  Culebra 
ut  over  the  new  Gamboa  Bridge  and  dumped  from  trestles  driven  on 
the  relocated  line.  There  is  (Tump  ground  available  for  10,000,000 
cubic  yards.  About  1  mile  of  trestle  was  driven  in  this  section.  This 
part  of  the  line  is  now  about  complete,  except  the  two  or  three  lai^e 
culverts,  which  will  have  to  be  put  in  next  dry  season. 

PRDRO   MtdlTRIi  TO  (^OROKAL. 

After  general  operation  won  suspended  in  August  there  was  no 
work  done  on  thin  Hoction,  except  at  tlie  Miraflores  tunnel,  and  on  the 
construction  of  two  permanent  ar(*h  culverts,  one  at  the  redro  Miguel 
River  and  one  iii  flie  Cainiitillo  River. 
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The  Miraflores  tunnel  ia  laid  out  on  a  tangent  595  feet  long,  and  has 
a  grade  throughout  for  drainage  in  both  directions.  Construction 
work  on  the  tunnel  has  kept  up  constantly  during  the  entire  year,  and^ 
for  the  most  part,  work  was  carried  on  day  and  night.  A  connection 
track  from  the  Panama  Railroad  to  the  north  approach  was  complete 
in  October,  and  this  line  is  used  for  bringing  material  and  supplies. 
A  second  connection  track  was  more  recently  started,  leading  to  the 
south  approach,  and  this  is  now  90  per  cent  complete.  The  north 
approacn  was  taken  out  at  first  b^  nand  labor,  and  afterwards  by 
steam  shoveL  and  involved  the  moving  of  10,000  cubic  yards  of  eartn 
and  rock.  The  south  approach  was  taken  out  by  tasln^ork  entirely, 
to  the  amount  of  30,000  cubic  yards.  The  excavation  of  the  north 
end  of  the  tunnel  proper  was  begim  in  September.  A  drift  or  head- 
ing, about  6  by  8  feet,  was  carried  through  to  coincide  with  the  crown 
of  the  arch  rin^,  and  this  drift  was  followed  up  by  the  excavation  of 
the  entire  semicircle  of  the  arch.  Timbering  was  required  through- 
out. 

Attached  is  a  photograph  of  the  north  portal  of  Miraflores  tunnel, 
showing  method  of  timbering.     (Plate  182.) 

A  5-piece  arch  ring,  12  by  12  feet  and  12-foot  by  14-inch  posts  were 
used.  The  distance  between  timber  sets  varies  from  5-foot  centers 
at  the  north  end,  where  the  material  is  rock,  to  3-foot  centers  at  the 
south  end,  which  is  in  earth.  The  tunnel  section  provides  lateral 
clearance  of  7  feet  6  inches  from  center  of  track  and  vertical  clearance 
of  22  feet  above  rail.  The  north  end  is  in  solid  rock,  although  of  a 
treacherous  character,  but  for  about  200  feet  on  the  south  side  clay 
is  encountered,  which  has  a  tendency  to  slide.  Excavation  ia  corn- 
pleted  and  timbers  placed  throughout  90  per  cent  of  the  length  of 
the  timnel. 

On  all  of  the  small  cuts  and  at  the  tunnel  portals  so-called  '^  task- 
work" was  used  with  much  success.  Under  this  system  the  laborer 
gets  paid  not  by  the  hour  or  day,  but  by  the  nimiber  of  Decauville 
cars  of  material  excavated  and  placed  in  embankment — that  is,  the 
laborer  is  paid  10  cents  gold  for  each  car  of  material  excavated  from 
the  cut  and  placed  in  the  embankment.  As  these  cars  hold  about 
one-half  of  a  cubic  yard,  the  labor  cost  for  this  class  of  excavation 
was  about  20  cents  gold  per  cubic  yard.  When  the  haul  increased 
or  harder  material  was  encountered,  extra  men  were  put  on,  paid  by 
the  railroad  company,  and  this  would  tend  to^  increase  the  general 
labor  cost  per  cubic  yard  for  that  particular  piece  of  work,  but  the 
average  cost  per  cuoic  yard  for  taskwork  is  about  30  cents.  It  is 
at  this  taskwork  that  the  West  Indian  laborer  is  most  proficient. 
The  question  of  supervision  solves  itself.  The  usual  bossing  required 
in  a  gang  hired  by  the  hour  is  not  necessary,  and  it  is  not  difl5cult  for 
one,  on  going  over  the  line,  to  determine  which  gangs  are  working 
under  the  task  system. 

A  20  X  24  reenforced  concrete  arch  culvert  was  put  in  at  the  Caimi- 
tillo  River  about  1,000  feet  north  of  Miraflores,  and  one  of  similar 
size  and  design  was  put  in  at  the  Pedro  Miguel  River,  opposite  Pedro 
Miguel  yard.  Work  was  commenced  on  these  iq  February  and  both 
culverts  were  finished  by  the  first  of  June. 
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The  following  is  a  summary  of  the  cost  of  these  two  structures: 

CaimUillo  River  culvert. 

Width feet..  » 

Height do 24 

Leo^kh: 

Main  arch do ... .  117 

Win^  walb do 45 

Excavation  of  site: 

4,520  cubic  yards  of  earth,  at  $1 .09 $4, 923. 05 

Placing  concrete  (3,440  cubic  yards): 

Labor,  at  $3  cubic  yard ILSSa  70 

Material,  at  $5.85  cubic  yard 20, 124. 60 

Hardware  cost 1,483.75 

Total 37.912.10 

Total  cost  of  concrete  placed,  per  cubic  yard lOi  59 

Pedro  Miguel  ntlvert. 

Width feet..  20 

Height do 24 

Length: 

Main  arch do 102 

Win^  walls do 44 

Excavation  of  site: 

920  cubic  yards,  at  13.61  cubic  yard 13,432.30 

Placing  concrete  (2,665  cubic  yards): 

Labor,  at  |3.58  cubic  yanl 9,561. 20 

Material 15,036.94 

Hardware  cost 196.95 

Total 28,227.39 

Total  cost  per  cubic  yard  of  concrete  phuMHl 10. 52 

A  change  of  alignment  l)etween  Mirafloros  and  Panama  was  made 
necessary  during  the  year,  due  to  the  Canal  Coimnission  changing  the 
location  of  the  locks  from  La  Boca  to  Miraflores.  This  change 
allowed  us  to  drop  down  to  the  prcNCtit  grade  of  the  Panama  Ran- 
road  at  Bridge  No.  62,  and  will  navo  the  corwtruction  of  a  relocated 
line  from  the  Cardenas  Rivor  to  La  Bocmi  Jun(*tion,  a  distance  of  2.5 
miles,  at  an  estimated  Having  in  ami  of  t2(M),()(H). 
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Statements  of  Cost,  Exclusive  of  Civil  Administration,  Sanita- 
tion, AND  Municipal  Improvement. 

EXCAVATION,    LOOK    AND    DAM    CONSTRUCTION,    MONTHLY    TOTALS   OF 

WORK  ACCOMPLISHED. 

Sheet  No 

Colon  division,  dry  excavation 

Chagres  division,  dry  excavation 

Culebra  division,  dry  excavation 

La  Boca  division,  dry  excavation 

Colon  division,  wet  excavation 

La  Boca  division,  wet  excavation 

Chagres  division,  wet  excavation 

Gatun  spillway,  dry  excavation 

Gatun  aam,  wet  excavation J; 

Gatun  dam,  dam  construction ^ 

Gatun  locksj  dry  excavation ^** 

La  Boca  drainage  ditch  and  spillway,  dry  excavation > 

La  Boca  dams,  dam  construction ^ 

La  Boca  locks,  dry  excavation 1'' 

La  Boca  locks,  lock  construction li 

Pedro  Miguel  dam,  dam  construction J- 

Pedro  Miguel  lock,  lock  construction 1^ 

Pedro  Miguel  lock,  dry  excavation 1^ 

Miraflores  dam  and  spillway,  dry  excavation-: 1  j 

Miraflores  dams,  dam  construction i5 

Miraflores  spillway,  scraper  work it; 

Miraflores  locks,  (uy  excavation ^' 
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APPENDIX  I. 

EEFORT  OF  W.  G.  TTJBBY,  CHIEF  OF  THE  DIYISIOH  OF  MATERIAL 

AHD  STJFFLIE8. 


Cbistobal,  Canal  Zone,  August  i,  1908. 

Sir:  I  have  the  honor  to  submit  herewith  the  annual  report  of  the 
division  of  material  and  supplies.  Isthmian  Canal  Commission,  Canal 
Zone,  for  the  fiscal  year  July  1,  1907,  to  June  30,  1908. 

The  division  of  material  and  supplies,  the  head  of  which  reports 
direct  to  the  chairman  and  chief  engineer,  is  charged  with  the  pur- 
chase and  handling  of  all  material  and  equipment  needed  in  connec- 
tion with  the  construction  of  the  canal  on  the  Isthmus.  The  diversity 
of  the  work  necessitates  the  purchase  and  use  of  a  very  great  variety 
of  equipment,  material,  and  supplies,  including  stock  for  repairs. 
All  aepartments  on  the  Isthmus  rely  upon  this  division  to  supply 
their  needs,  and  every  effort  is  made  to  anticipate  requirements  and 
keep  a  complete  stock  by  frequent  purchases  in  the  United  States. 
The  purchases  are  based  on  estimates  submitted  by  the  various  divi- 
sions or  gauged  by  the  rate  of  consumption  of  stock  on  hand  at  the 
several  storehouses  along  the  line  ot  the  canal.  There  are  also 
included  in  the  duties  of  this  division  the  care  and  maintenance  of 
the  local  transportation,  the  operation'of  the  printing  plant  that  does 
the  printing  for  the  commission,  and  a  shop  for  the  repairing  of  all 
typewriters  on  the  Isthmus  in  use  by  the  United  States  Government. 

CLASS   OF   SUPPLIES   HANDLED. 

It  has  been  necessary  to  purchase  rails  and  other  track  material, 
locomotives,  cars,  steam  shovels,  cranes,  pile  drivers,  drills,  earth 
spreaders,  earth  unloaders,  and  other  equipment  for  the  physical 
work  of  excavation  and  the  disposition  of  the  excavated  material; 
lumber,  roofing,  hardware,  plumbing,  and  all  classes  of  building 
material  for  the  construction,  repair,  and  maintenance  of  quarters 
for  all  classes  of  employees;  shops,  storehouses,  oil  houses^  hospitals, 
liotels,  laborers'  kitchens,  penitentiaries,  jails,  post-offices,  ofiicc 
buildings,  clubhouses,  cold-storage  and  ice  plants,  laundries,  bakeries, 
etc.;  equipment,  appliances,  medicines,  drugs,  etc.,  for  hospitals, 
dispensaries,  and  sicK  camps;  machinery,  tools,  and  supplies  for  shops, 

{>laning  mills,  foundries,  roundhouses,  etc. ;  equipment  and  supplies 
or  the  police  and  fire  departments;  furniture,  dishes,  and  other 
equipment  for  all  classes  of  emplovees'  quarters,  hotels,  and  laborers' 
kitchens;  track  material  and  tools  for  the  construction,  repair,  and 
maintenance  of  tracks;  animals,  vehicles,  forage,  and  corral  supplies 
for  local  transportation ;  stone  crushers,  rollers,  cement,  sewer  and  water 
pipe,  brick,  pumps,  boilers,  engines,  and  other  material  for  the  use  of 
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the  division  of  miinicipal  engineering;  diedges,  tn^,  lighters,  bai^oi 
launches,  and  other  floating  equipment  for  the  manne  work,  and  niini 
berless  other  items  used  in  connection  with  the  operation,  repai 
and  maintenance  of  the  equipment  named,  together  with  standar 
materials  and  supplies  for  stock  at  the  various  storehouses,  for  tli 
shops,  and  for  the  use  of  all  departments  on  the  Isthmus.  The  stand 
ard  materials  and  supplies  consist  of  repair  parts  for  locomotivpi 
steam  shovels,  cars,  orills,  and  other  equipment  and  machinery 
small  tools  for  the  shops;  iron,  steel,  builders'  hardware,  plumbin 
material,  furniture,  marine  equipment,  stationery  and  printed  fomii 
and  a  great  number  of  other  articles  that  are  constantly  in  use  b 
all  branches  of  the  work. 

We  aim  to  limit  our  supply  of  standard  material  to  approxunat^^] 
six  months'  requirements,  this  by  reason  of  the  length  of  time 
requires  from  date  of  requisition  to  advertise,  award  contracts,  shi 
the  material  from  the  States  and  receive  same  on  the  Isthmus.  Ever 
department  on  the  Isthmus  is  dei>endent  upon  this  division  for  il 
supplies,  and  we  carry  at  each  of  our  substores  the  class  of  materia 
and  kind  of  supplies  that  are  needed  by  the  departments  opera 
ing  in  that  vicimty,  and  the  material  situation  is  canvassea  an 
tinually  with  all  departments  with  a  view  to  keeping  in  touc 
with  their  requirements.  For  convenience  in  placing  stock  requi.s 
tions  storekeepers  also  keep  a  book  record  of  stock.  These  sto<* 
books  show  the  ouantities  on  hand  at  the  beginning  of  the  montt 
the  quantities  ordered  each  month,  and  the  quantities  received  aD 
used  during  the  month.  By  means  of  this  record  the  storekeepei 
are  enabled  to  keep  posted  as  to  the  rate  of  consumption  of  varioii 
materials  from  month  to  month,  and  their  stock  orders  are  bas<:' 
upon  the  rate  of  consumption  as  shown  on  their  stock  books. 

REQUISITIONS   FOR   NEW  MATERIAL. 

For  all  material  and  supplies  needed  that  are  not  on  band  <: 
obtainable  imder  existing  contracts,  requisitions  are  submit  tt^ 
through  this  division  to  the  general  purchasing  oflBcer  of  the  comniii 
sion,  whose  headquarters  are  at  Washington.  All  purchase  recjiiis 
tions  are  made  through  this  division,  either  by  the  division  or  deparl 
ment  requirino^  the  material  or  the  general  omce  of  this  division,  fro: 
information  ootained  by  means  of  local  requisitions  or  estimates  < 
tlie  requirements  of  certain  divisions  submitted  from  time  to  tini^ 
A  separate  series  of  purchase  requisition  numbers  is  used  for  etv 
division  of  the  commission.  For  instance,  all  requisitions  for  in 
department  of  engineering  and  construction,  sanitaiy  department,  n 
any  other  department  bear  a  number  from  a  series  used  only  bv  tli 
department  for  whom  the  requisition  is  made,  a  suffix  letter  heiu 
used  before  the  number  on  each  requisition  to  indicate  the  series  i 
which  the  requisition  belongs.  Requisitions  are  numbered  consec  i 
tively,  beginning  at  1,  from  the  commencement  of  the  fiscal  yea] 
and  copies  of  all  requisitions  made  are  filed  in  the  office  of  the  Vlii< 
of  the  division  of  material  and  supplies.  The  different  department 
for  whom  United  States  requisitions  are  made  are  as  follows:  Engi 
neering  and  construction,  sanitary,  civil  administration,  disbursri 
ments,  and  material  and  supplies,  the  last-named  department  makii^ 
all  requisitions  for  material  for  general  stock. 
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When  a  reauisiUon  asking  for  the  purchase  of  an;^  material  is 
received,  it  is  nrst  checked  to  ascertain  whether  the  articles  required, 
or  a  portion  of  them,  can  not  be  supplied  from  stock  on  hand  or  on 
order.^  All  purchase  requisitions  bear  complete  information  as  to  the 
quantities  wanted,  on  hand  and  on  order,  with  specifications,  blue- 
prints, or  sketches.  The  requisition  also  shows  when  the  material  is 
required,  the  marks  to  be  placed  on  the  packages,  and  the  date  that 
deuyery  is  desired.  All  items  are  described  fuUy,  so  tiiat  the  pur- 
chasing officer  can  intelUgentlj  advertise  for  bids. 

When  contracts  for  matenal  ordered  have  been  awarded  to  the 
successful  bidder,  the  general  purchasing  officer  sends  two  copies  of 
the  award  to  the  division  of  material  ana  suppUes  for  its  information, 
and  in  turn  this  division  transmits  one  copy  to  the  officer  originating 
the  requisition.  The  general  purchasing  officer  also  sends  copies  of 
all  correspondence  regarding  the  delivery  of  the  material  by  the  con- 
tractor, and  in  this  manner  our  requisition  files  are  made  to  show  the 
complete  status  of  any  requisition.  The  awards  show  to  whom  con- 
tract has  been  awarded,  price  at  which  goods  are  to  be  furnished,  date 
of  deliverv,  and  all  information  essential  to  enable  this  division  to 
keep  check  on  delivery  and,  when  necessary,  take  up  with  the  general 
purchasing  officer  the  matter  of  material  not  being  received  oy  the 
time  specified  in  the  contract. 

RECEIPT,  INSPECTION,  AND  DISPOSmON   OF  SUPPLIES. 

All  material  shipped  to  the  Isthmus,  prior  to  shipment  from  the 
States,  is  inspectea  by  the  government  inspectors,  wno  report  direct 
to  the  general  purchasing  officer.  A  second  inspection  is  also  made 
on  the  Isthmus.  Matenal  and  supplies  are  received  at  Colon  and 
Cristobal  on  the  Atlantic  side,  and  at  La  Boca  on  the  Pacific  side. 
They  are  transported  to  the  Isthmus  by  various  steamship  lines  and 
chartered  tramp  vessels  of  different  classes,  as  well  as  by  tne  Panama 
Railroad  Steamship  Line  which  is  operated  by  the  Government  of 
the  United  States.  All  material  received  is  loaded  onto  cars  direct 
from  the  ships  or  from  the  docks,  and  forwarded  to  fill  orders  on  hand, 
or  placed  in  stock  at  the  storehouses  or  yards  at  different  points. 
Locomotives,  cars,  steam  shovels,  and  other  heavy  machinery  and 
equipment  received  knocked  down  are  shipped  direct  from  the  docks 
to  the  shops  to  be  set  up  ready  for  service.  The  greater  portion  of 
the  material  received  is  sent  for  disposition  to  uie  general  store- 
house, located  about  1  mile  from  Cristobal,  at  which  storehouse  the 
bulk  of  the  material  and  supplies  used  on  the  Isthmus  is  received, 
inspected,  classified,  and  stored  or  shipped  direct  to  the  points  where 
they  are  required.  It  is  from  this  general  storehouse  that  each  of 
tlie  8  division  stores  on  the  Isthmus  receive  their  supplies  from  time 
to  time.  The  general  storehouse,  including  platform,  is  700  feet  long 
by  150  feet  wide  and  is  two  stories  in  height.  The  oil  and  paint 
house  adjacent  to  this  store  is  250  feet  long  by  57  feet  wide,  and  in 
this  building  all  inflammable  material  is  stored.  There  are  almy  3 
other  buildings  of  smaller  size  at  this  point  used  for  the  storage  of 
cement,  fire  clay,  etc.  The  yard  in  connection  with  the  gfjiernl 
store  has  a  capacity  of  365  cars.  The  only  cargoes  received  on  the 
Pacific  side  of  the  Isthmus  are  shipments  of  lumoer  and  forage  from 
the  territory  contiguous  to  Pugot  Sound,  which  are  either  shipped 
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out  directly  to  fill  orders  or  are  stored  in  the  himber  yard  at  La  B^)* 
on  the  Pacific  side»  at  Culebra  where  the  planing  miU  is  located,  or  ^ 
Cristobal  on  the  Atlantic  side. 

With  each  shipment  we  receive  copies  of  the  dealers'  invoices,  wi' 
packing  fists  ana  bills  of  lading,  and  as  all  packages  are  markeii  w : 
the  requisition  number  and  name  of  the  piurty  and  division  orderiyj 
and  the  invoices  and  bills  of  lading  bear  the  same  marks,  we  are  at . 
to  infonu  ourselves,  immediately  upon  receiving  the  ship's  papt*:- 
what  car^  she  carries,  and  make  prompt  disposition.     For  all  mat - 
rial  and  supplies  ordered  for  divisions  otner  than  the  division  of  nia:- 
rials  and  supplies  we  aim,  ^eie  the  bulk  of  the  freight  will  warra: 
to  have  shipments  made  direct  from  the  dock  to  the  consignee,  a:. 
thereby  save  the  expense  of  rehandling  at  Mount  Hope. 

For  material   or  equipment,  such  as  cars,   locomotives,    stoa: 
shovels,  and  machinerv,  shipped  direct  from  the  dock  to  origins  tir, 
officer,  two  copies  of  tbe  inspection  caU  are  forwarded  to  the  heavi  • 
the  department  of  that  officer,  with  request  that  the  material  :- 
inspected.     For  all  material  sent  to  the  general  store,  the  ini^KMn*  j 
calls  are  forwanled  to  the  storekeeper  at  that  place.    Inspectit^n  « 
the  Isthmus  is  principally  for  the  purpose  of  ascertaining  damages  a: 
shortages,  as  the  inspection  in  the  United  States  is  supposed  to  ci  *\  ' 
the  relation  of  the  material  to  the  specifications.     If,  nowever,  ni at- 
rial is  received  that  does  not  clearljr  complv  with  the  specificati":  - 
even  thou«ih  it  has  passed  inspection  in  the  United  States,  the  matt^  r 
is  held  and  the  matter  brought  to  the  attention  of  the  general  p*  - 
chasing  officer  for  his  consideration.     No  dealers'  invoices  are  pas>* 
without  a  signed  inspection  calI7  or  certificate  of  inspection,  from  t 
mterested  division.     Inspections  are  made  at  the  earUest  p^>ss: 
moment,  so  that  there  will  be  no  delay  in  passing  the  invoice  f  ! 
voucher.     The  division  of  material  and  supplies  has  inspectors  a: 
checkers  at  the  general  store  and  at  the  dock,  who  pass  iip«^n  ^ 
material  received,  while  the  inspection  at  other  points  for  mater 
such  as  steam  shovels,  locomotives,  cars,  machinery,  and  other  etq-i 
inent  shipped  direct,  is  made  by  the  head  of  the  department  recei  v:  . 
the  material  or  some  one  authorized  by  him  to  perform  that  functi  z 

CARE   AND  CITSTODT  OF  MATERIAL  AND  SUPPLIES. 

After  the  material  for  stock  has  been  inspected,  it  b  placed  in  r 
storehouses  and  drawn  upon  as  required  to  fill  orders.    The  p^r.-  : 
storehouse  is  subdivided  into  sections,  each  containing  a  certain  ^ 
of  material.     The  goods  received  there  are  placed  in  their  resp^^  •: 
sections  as  scx)n  as  they  are  unloaded  and  inspected.     The  in. a  -• 
steel  are  phiced  in  racks,  the  paints  and  oils  in  oil  houses.     Ma:«  : 
that  is  atfected  by  moisture  is  placed  imder  shelter.    Lamb- r 
assorted  and  placed  in  neat  piles  capable  of  shedding  water:  ano 
fact,  all  classes  of  material  and  supplies  are  stored  safely,  conv 
ientlv,  and  svstematicallv. 

The  issue  of  material  and  supplies  is  made  by  competent  storeh 
men,  imder  the  immediate  supervision  of  the  storekeeper  or  his  a<>  > 
ants.     Tlie  storehouses  and  surroundings  are  kept  clean  and    i- 
from   inflammable   materials.     Fire   protection  is   provided    f.  »r 
buildings  in  this  division  and  watchmen  are  kept  on  duty  day  .r 
night  to  prevent  loss  by  theft  or  fire. 
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ISSUE   AND  TBANSFER  OF  MATBBIAL  AND  SUPPLIES. 

Material  and  supplies  are  issued  from  each  of  the  nine  storehouses, 
Deluding  the  general  store,  to  supply  the  needs  of  the  territory  con- 
ij^ous  to  that  store.  No  matenal  is  issued,  except  upon  the  receipt 
ifproperly  approved  requisitions,  for  which  purpose  three  forms  are 
ised.  All  supplies  issued  direct  from  a  storenouse  to  the  mechanical 
lepartment  at  that  point  are  delivered  upon  the  receipt  of  a  fore- 
nan's  order.  These  orders  are  consolidated  daily  into  one  reauisi- 
ion  which,  after  bein^  approved  by  the  master  mechanic  ana  the 
tuperintendent  of  motive  power,  is  forwarded  to  the  general  office 
>f  the  division  of  material  and  supplies.  All  supplies  that  require 
Tansshipment  from  one  storehouse  to  another  place  in  the  Canal 
^one  are  ordered  on  a  combined  requisition  and  shipment  order. 
Phis  form  is  used  by  all  divisions  and,  when  the  material  is  urgently 
-equired  and  can  be  supplied  from  a  local  storehouse,  the  requisition 
s  sent  direct  to  the  local  storehouse  for  immediate  action,  while  a 
!opy  is  sent  to  this  office  for  file.  When  the  local  storekeeper  has 
nade  shipment  or  delivery  of  the  material  called  for,  he  forwards  the 
iccomplished  requisition  to  this  office,  showing  in  the  spaces  provided 
:or  that  purpose  the  details  of  the  shipment.  The  use  of  tnis  com- 
bined requisition  and  shipping  form  saves  a  great  deal  of  the  clerical 
nrork  that  was  done  before  this  form  was  adopted,  as  the  '' shipment 
:)rder"  was  then  written  on  a  separate  form.  Requisitions  for  star- 
tionery  and  printing  are  made  on  a  form  provided  specially  for  that 
purpose,  ana  are  forwarded  to  the  stationer  and  printer  at  Panama 
for  action. 

For  material  shipped  direct  from  a  storehouse  to  the  mechanical 
department,  the  receipted  local  requimtion  is  used  as  an  expenditure 
voucher,  while  for  material  shipped  from  any  of  the  stores  to  parties 
a,lon^  the  line,  store  invoices  are  made  at  once,  and  the  receipted  store 
invoice  used  as  a  voucher.  For  material  shipped  by  the  stationer  and 
printer,  invoices  are  made  direct  by  him  and,  upon  acceptance,  are 
torwarded  to  this  office  as  expenditure  vouchers.  These  receipted 
local  requisitions  and  store  invoices  are  used  to  support  our  expendi- 
ture accounts,  which  are  sent  each  month  to  the  disbursing  officer. 
\ny  material  that  is  reauired  bv  a  substore  for  stock  is  ordered  in 
the  regular  manner  by  tne  storekeeper,  on  the  combined  requisition 
3ind  shipment  order  aoove  referred  to,  but  the  issue  is  covered  by  a 
transfer  invoice,  while  the  invoice  is  not  used  as  an  expenditure 
voucher,  but  simply  as  a  receipt  for  material  shipped.  For  ea^h 
shipment  a  shipment  notice  is  sent  to  the  consignee  to  notify  him 
when  the  shipment  may  be  expected,  which  shows  details  of  the  mate- 
rial shipped* 

Whon  any  division  has  material  that  can  be  spared  for  purposes 
:)thor  than  Work  under  its  jurisdiction,  and  it  is  desired  for  stock,  a 
requisition  in  made  by  the  division  or  material  and  sopplies  in  the 
regular  manner,  and  the  stock  is  transferred  to  this  division  on  a 
tfftnsfor  invoioo  ftirm.  For  material  that  is  issued  to  amHher  divi- 
sion, btit  Ntill  remains  in  the  custody  of  the  division — mm,  Urr  tnntaiu^. 
livo  Ntooknnd  oorral  equipment — a  memorandum  rfeeijpi  isobftAiriM 
from  tho  diviiuon  receiving  the  animds  mod  eqmpaumi,  ui»4  iUm 
receipt  in  i\M  m  evidence  of  the  dispositioD  of  tte  malarial. 
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MAKUFAOTUBINO  OBDEBS. 

For  material  that  can  be  manufactured  on  the  Isthmus  to  beti 
advantage  than  it  can  be  purchased  in  the  States,  or  where  the  urgeii 
precludes  the  delay  in^iaent  to  purchase  in  the  States,  or  for  re:i 
work  to  be  done,  a  manufacturing  order  is  issued  on  the  departmi 
that  can  best  perform  the  work.  In  case  the  material  is  made  I 
stock  purposes,  and  goes  into  any  one  of  our  storehouses  for  Lvi 
the  cost  of  the  entire  order  is  invoiced  against  this  division  on  1 
transfer  invoice.  In  case  of  repair  work,  the  cost  is  invoiced  din 
against  the  division  requesting  that  the  repairs  be  made.  Mate: 
manufactured  for  stock  is  taken  into  my  accoimts  and  issued  the  sai 
as  material  purchased. 

ACCOUNTING  FOB  MATEBIAL  AND  SUPPLIES  ISSUED. 

This  division  keeps  both  physical  and  financial  record  of  mat*  i 
received  and  issued  or  transferred.  It  is  debited  with  all  matei 
purchased  from  the  United  States  for  all  departments;  for  all  ms 
rial  purchased  locally,  and  for  all  material  manufactured  for  stH 
Purchase  invoices  are  accepted  by  this  division  as  soon  as  we  recei 
the  signed  inspection  call,  and  are  numbered  consecutively,  comni<^: 
ing  at  1,  a  new  series  bein^  commenced  at  the  beginning  of  the  iis 
year.  The  purchase  requisitions  accepted  by  each  saiung  date  i 
listed  on  a  form  known  as  *' Abstract  or  certified  bills"  and  forward 
with  the  abstract  to  the  disbursing  officer  at  Washington  throni 
the  disbursing  officer  on  the  Isthmus.  The  amounts  of  the  certit 
bills  are  debited  to  my  account.  Material  purchased  locally  is  aJ 
debited  to  this  division.  Material  manufactured  on  the  Isthiuu^ 
charged  to  this  division  on  transfer  invoices,  and  debited  to  this  dii 
sion  when  the  receipted  transfer  invoice  is  forwarded  to  the  disbi;! 
ing  officer  on  the  Isthmus.  Our  account  receives  credit  for  materi 
issued  to  other  departments.  For  material  sold  to  outside  partio.^ 
individuals,  and  for  damaged  or  destroyed  material  dropped  i 
authority  of  the  board  of  survey  and  appraisal,  we  likewise  rece;i 
credit. 

For  material  received,  a  stock  record  is  kept  on  stock  sheets,  at  ri 
storehouses.  These  stock  sheets  show  full  description  of  the  mateni 
the  quantity  received,  from  whom  received,  and  the  price.  At  v 
main  office  of  the  division  stock  sheets  are  kept  which  cover  a 
material  received  on  the  Isthmus.  Any  issues  are  credited  to  i- 
stock  cards  and  stock  sheets,  the  local  storekeeper  making  the  t!'^ 
record  of  the  issues  on  his  stock  cards  and  then  forwarding  the  pa]>i 
to  this  office,  where  record  is  also  made.  This  part  of  the  work  i 
carefully  watched  and  records  at  outside  points  carefully  insped-^ 
periodically  to  see  that  they  are  carefully  and  accurately  k^'f] 
oales  to  outside  parties  are  credited  in  the  same  manner  on  the  st*  i 
records,  these  sales  consisting  principally  of  material  or  supplies  S'  | 
to  the  different  municipalities  in  the  Zone  and  to  the  Panama  B^ 
road  Company.  Material  disposed  of  by  action  of  the  boanl  ' 
survey  and  appraisal  is  dropped  upon  receipt  of  proper  authoni 
from  the  board  and  a  copy  of  the  proceedings  sent  to  tne  disbui^i^^ 
officer  to  support  the  credit  so  taken. 
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All  receipted  local  requisitions,  and  all  accomplished  store  invoices 
tre  abstracted  at  the  close  of  each  month,  in  tne  mam  office  of  the 
iivision  of  material  and  supplies,  and  forwarded  to  the  disbursing 
)fRcer.  The  abstract  shows  the  store  invoice  or  local  requisition 
lumber,  against  whom  changed,  and  the  specific  accoimt  number  for 
^hich  tne  material  was  used. 

INVENTORY  AND  PBOPEBTY  RETURNS. 

A  full  and  complete  inventory  of  all  unexpended  material  in  the 
custody  of  this  division  is  taken  at  the  close  of  every  fiscal  year, 
[nventories  are  carefully  taken  as  to  description  and  quantities,  and 
the  completed  inventory  forwarded  to  the  cusbursing  officer.  Inven- 
tory quantities  are  compared  with  the  stock  balances  at  all  stores  as 
jliown  by  the  stock-cara  record,  with  a  view  to  discovering  discrepan- 
cies ana  reasons  therefor.  Property  returns  for  all  unexpendable 
property  are  rendered  at  the  close  of  each  quarter.  These  returns  are 
'orwarded  to  the  disbursing  officer  for  check.  No  property  that  has 
become  worthless  from  any  cause,  or  that  has  become  worn  out 
through  service,  or  that  has  been  damaged  through  no  fault  of  the 
responsible  or  accountable  officer,  is  disposed  of  without  authority 
Tom  the  board  of  survey  and  appraisal,  whose  duties  are  to  grant 
-elief  for  property  lost,  destroyed,  or  rendered  unserviceable  through 
10  fault  or  neglect  of  any  employee  of  the  division,  and  to  grant 
iuthority  for  the  disposition  of  French  equipment,  such  as  cars, 
^oilers,  engines,  tools,  and  mechanism  and  parts  of  same,  when 
*equired  for  use  by  any  division  of  the  commission;  and  all  old 
[^>ench  material  to  oe  disposed  of  by  sale,  also,  has  to  be  condemned 
ind  appraised  by  the  board  of  survey  and  appraisal. 

Sales  are  maae  of  certain  scrap  and  imusaole  materials  after  con- 
iemnation,  appraisal,  and  advertisement,  in  the  prescribed  maimer, 
i  large  quantity  of  old  French  material  that  was  absolutely  worth- 
ess  for  any  other  use  by  the  commission  has  been  scrapped  and  used 
n  our  cast  iron  and  brass  foundries;  while  a  large^  amount  of  old 
B'rench  material,  likewise  worthless,  but  unfit  for  use  in  the  foundries, 
las  been  disposed  of  by  sale  to  outside  parties.  When  an  offer  is 
["eceived  for  such  material,  request  is  made  on  the  chairman  of  the 
Doard  of  survey  and  appraisal  for  the  board  to  pass  upon  it;  and  if, 
ifter  investigation,  it  is  determined  that  the  material  can  not  be  used 
3y  the  commission  in  connection  with  the  work,  it  is  condemned, 
ippraised,  a  minimum  price  fixed,  and  authority  is  given  to  dispose 
n  it  to  the  highest  bidder  after  due  advertisement.  Unserviceable 
ive  stock  is  also  sold  after  condemnation,  appraisal,  and  due  adver- 
:isement. 

STOREHOUSES  AND  PLACES  OF  STORAGE. 

The  following  storehouses  are  under  the  jurisdiction  of  the  division 
)f  material  and  supplies:  General  storehouse  at  Mount  Hope;  store- 
house at  the  dry  dock  shops,  ('ristobal ;  storehouse  at  (Jorgona;  store- 
bouse  and  powder  magazine  at  Bas  Obispo;  storehouse  at  Empire; 
storehouse,  lumber  yard,  and  powder  magazine  at  Culebra;  store- 
louse  at  Paraiso;  storehouse  at  Pedro  Miguel;  storehouse  at  Ancon; 
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storehouse  and  lumber  yard  at  La  Boca;  stationery  store  and  prin; 
plant  in  the  administration  building,  Panama;  storape  at  dock  | 
Cristobal,  for  piles,  rails,  and  ties,  besides  certain  old  I^ench  buildq 
containing  French  stock  at  diiSerent  points.  Each  storehouse  s  { 
plies  material  within  certain  jurisdictions,  as  foUouvs: 

The  general  store  at  Mount  Hope  furnishes  supplies  to  all  subston 
All  departments  on  the  Isthmus  procure  their  supplies  from  either  tl 
general  store  or  the  substores. 

The  store  at  the  diy  dock,  Cristobal,  supplies  the  needs  of  the  c 
dock  shops  and  the  floating  equipment  on  the  Atlantic  side  of  t{ 
Isthmus. 

The  store  at  Gorgona  supplies  the  district  between  Oatun  ai 
Gorgona  and  the  shops  at  Goi^ona,  and  is  one  of  the  most  imponii 
stores  on  the  Isthmus.  At  Gorgona  are  located  large  mecoaiL: 
shojps  consisting  of  machine,  bouer,  blachsmith,  erecting,  pattf: 
and  car  shops,  orass  and  iron  foundries,  which  employ  about  IM 
men. 

Bas  Obispo  store  supplies  the  needs  of  the  engineering  dep^^i 
ment  at  the  north  end  of  Oulebra  Cut.  Bas  Obispo  store  also  issn 
dynamite  from  the  large  storage  magazines  to  the  service  magazii] 
on  the  work. 

Empire  store  supplies  the  district  between  Bas  Obispo  and  Paraii 
and  attends  to  the  wants  of  all  departments  in  that  district 
furnishes  the  entire  Culebra  division  with  supplies  for  steam  shoTti 
locomotives,  cars,  track  material,  repairs  for  drills,  explosives  I 
blasting,  material  and  supplies  for  the  air  compressor  plants,  &i 
pipe  ana  fittings  for  air  lines;  material  and  supphes  for  Las  Cascai 
car  repairs  and  roundhouse  use;  sup^ies  for  the  master  buil^M 
municipal  engineer,  sanitary  department,  tiie  land  transportati 
etc. 

Culebra  store  supplies  the  immediate  needs  of  all  departments  i 
Culebra.  It  also  has  charge  of  the  lumb^  yard  and  powder  map 
zine  near  Culebra. 

Paraiso  store  supplies  the  needs  at  the  south  end  of  the  Culeli 
cut  and  the  shops  at  that  place,  as  well  as  those  at  Pedro  Biliguel. 

Ancon  store  supplies  the  needs  of  the  large  corral  at  Ancon,  &^ 
other  departments  in  that  locality.  This  store  carries  the  bulki 
stock  for  repairs  to  waeons,^  carts,  carriages,  and  other  vehid-^ 
harness,  and  other  corral  equipment. 

La  Boca  store  supplies  the  marine  shops  and  floating  equipni^^ 
at  La  Boca  and  carries  a  stock  of  lumber  for  use  by  all  departicc^i 
on  the  Isthmus. 

The  stationery  and  printing  plant  in  the  administration  buiMi'^ 
in  Panama  supplies  all  the  stationery  and  printing  required  bv  f^ 
commission  on  the  Isthmus.  A  complete  stock  of  standara  stJ 
tionery  is  carried  at  all  times,  as  well  as  special  supplies  for  the  ei- 
neering  department.  The  printing  plant  prints  the  forms  requir^| 
on  the  Istnmus,  as  well  as  special  olank  books,  ^  meal  tickets,  i'^' 
There  is  a  stamp  factory  in  connection  with  the  printing  plant,  wli^-^ 
rubber  stamps  are  made  as  required.     During  the  past  year  ^'-^ 

Erin  ting  plant  has  been  running  to  its  full  capacity.  14  presses  ha^-l 
een  kept  busy.     There  is  also  a  bookbinding  aepartment  in  ^ ' 
printing  office,  where  a  large  number  of  books  are  bound.    A*^" 
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»0,513y497  pieces  of  printed  matter  have  been  turned  out  during  the 
>ast  year,  valued  at  $38,513.10.  Stationery  and  engineers'  supplies 
lave  been  issued  amounting  in  value  to  approximately  $32,758. 
The  printing  plant  consists  of  an  up-to-date  and  well-equipped 
>rintme  establishment,  capable  of  turning  out  all  printed  work 
equired  for  forms,  letter  heads,  and  other  stationery,  as  well  as 
)inding  books,  etc.  The  Canal  Record,  an  8-page  paper,  pub- 
ished  weekljr  imder  the  authority  and  supervision  of  tne  Isthmian 
])anal  Commission,  is  printed  here.  This  paper  is  issued,  one  copy 
^ach,  free  of  charge,  to  all  white  employees  oi  tne  commission,  approxi- 
nately  12,000  copies  being  printed  of  each  issue.  About  516,000 
*.opies  of  the  Canal  Record  have  been  published  during  the  past 
iscal  year. 

At  dock  14,  Cristobal,  is  carried  a  stock  of  piles,  ties,  and  rail. 
This  material  represents  only  that  part  of  a  vessel's  cargo  that  can 
lot  be  immediately  shipped  from  the  dock  as  unloaded,  but  is  stored 
or  convenience  at  this  point  until  required.  This  material  is  handled 
economically  with  the  cantilever  crane  installed  at  this  dock. 

Exclusive  of  the  above  places  of  storage,  there  are  a  number  of  old 
ii^rench  storehouses  at  different  points  that  serve  for  storage  of  a 
niscellaneous  lot  of  French  equipment  and  supplies  that  have  been 
>n  hand  since  the  time  of  Frencn  occupation  and  control.  Consid- 
erable of  this  material  is  being  used  monthly. 

LOOAL  PUB0HASE8  ON  THB  ISTHMUS* 

Local  purchases  are  made  for  certain  materials  and  supplies  which, 
IS  a  rule,  are  not  carried  in  stock,  where  it  is  necessary  to  procure  an 
mmediate  supply,  owing  to  the  urgency  of  certain  work.  Occasions 
irise  whore  work  would  m  delayed  for  the  want  of  material,  the  ui^ency 
>f  which  would  not  allow  of  tne  r^^ar  routine  of  a  purchase  m  the 
Jnited  States,  making  it  imperative  that  the  material  be  purchased 
n  the  local  market.  A  great  portion  of  the  local  purchases  consist  of 
{ubsistence  supplies  for  engineering  parties,  the  subsistence  depart- 
nent,  and  for  tne  hospitals.  Subsistence  supplies  for  the  hospitals 
^onsist  principally  of  fresh  meats,  vegetables,  fruits,  milk,  eggs,  and 
ish. 

For  material  that  is  awarded  under  contract,  regular  advertise- 
nents  are  inserted  in  the  local  papers,  specifying  the  articles  required 
ind  necessary  information  for  intelligent  bidding  by  competitors. 
k  definite  date  is  set  for  the  receiving  of  bids  and  the  award  is  made 
:o  the  lowest  responsible  bidder.  For  small  quantities  of  material  that 
mn  not  be  procured  from  the  Panama  Railroad  commissaries  no  advcr- 
:isement  is  inserted  in  the  newspapers,  but  a  proposal  blank  is  sent 
:o  the  principal  local  merchants,  and  sale  is  awarded  to  the  lowest 
:>idder  as  determined  in  the  above  manner.  Local  purchases  from 
the  Panama  Railroad  store  and  commitearies  are  covered  by  a  regular 
iward  in  the  same  manner  as  those  made  from  outside  firms. 

Bills  are  rendered  for  local  purchases  and  for  any  material  that  in 
taken  into  stock  and  issued  by  this  division.  Vouchers  are  made  in 
this  office  on  the  prescribed  forms  and  are  forwarded  to  the  diiibunfing 
officer  for  payment.  For  local  purchases  for  the  subsistence  dnynri^ 
[nent,  the  vouchers  are  made  oy  that  department;  for  pumumm 
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made  for  the  hospitals,  the  Touchers  are  made  by  the  sanitary  depr'^ 
ment.  No  voucner  is  paid  until  a  certificate  of  inspection  is  td^  i 
by  the  party  receiving  the  material,  and  the  same  safeguards  >\ 
adopted  by  the  disbursing  officer  on  the  IsUmius  as  are  4ised  bv  :j 
disbursing  officer  in  the  united  States. 

LOOAL  TBANSPOBTATION. 

The  local  transportation  system  was  placed  under  the  lurisdict  i 
of  this  division  by  a  resolution  of  the  commission  adopted  Au^i-t  J 
1905.  All  nonexpendable  material  belonging  to  the  system  is  carr:  i 
on  my  property  retiuns,  and  the  property  that  is  assigned  to  the  u^ 
of  anotner  department  is  receiptea  for  on  memorandum  reeei;  i 
Private  animals  owned  by  canal  employees,  and  used  by  the  in  M 

Srivate  purposes,  are  cared  for  at  our  corrals,  so  far  as  the  accoinL 
ations  will  admit,  and  regular  bills  are  rendered  monthljr  i^ainst  t : 
owners  for  the  cost  of  forage  and  stable  care.     Private  animals  owi.h 
by  employees  and  used  by  them  in  the  discharge  of  their  official  dm 
are  cared  for  and  foraged  at  the  Government's  expense,  when  prop*  : 
approved  requisitions  are  received  to  cover. 

Corrals  are  located  at  16  different  points,  and  accommodate  at  t 
present  time  about  185  horses  and  447  mules,  a  total  of  632  aninia  • 
of  which  536  are  the  propertv  of  this  division.     Of  the  balance,  .1 
animals  belong  to  the  police  d:epartment,  59  to  private  parties,  10  :\ 
the  Panama  Railroad  Company,  and  1  to  the  fire  department. 

The  corrals  are  in  charge  of  competent  foremen  and  are  kept  J 
a  clean  and  sanitary  condition.     The  entire  local  transportation  sy- 
tem  is  in  charge  of  a  superintendent  of  local  transportation,  w:  \ 
exercises  supervisory  iurisdiction  over  the  entire  Isthmus  and  reporn 
direct  to  the  head  of  the  division.     The  health  of  the  animals  is  lo<ik<  I 
after  bj  two  experienced  veterinary  surgeons,  who  make  week 
inspections  of  all  corrals  and  animals.     AU  animals  on  the  Isthnt  .^ 
owned  by  the  Government  are  branded  and  numbered  with  alum 
num  tags  in  the  ears.     The  vehicles  are  all  marked  so  as  to  detem^ir 
ownership  to  the  Government,  and  the  same  care  is  taken  of  for»L' 
and  corral  supplies  as  is  taken  of  any  other  stock  in  charge  of  ti. 
division. 

GENERAL  REMARKS. 

The  amount  of  material  handled  by  the  division    of  material  ar; 
supplies  during  the  fiscal  year  1907-8  has  been  much  heavier  thu: 
durmg  the  previous  year.     During  the  fiscal  year  1906-7  there  Wi^ 
purchased  and  taken  into  our  accounts  material  valued  at  approx- 
mately  $9,500,000,  and  the  disbursements  amounted  to  $9,000,()(^ 
while  during  the  fiscal  year  1907-8  we  received  material  valued  h 
$11,607,094.63,  and   disbursed   material  valued   at   $11,685,158.:^ 
being  $78,063.70  more  than  value  of  the  material  received.     Ti. 
total  value  of  receipts  and  disbursements  handled  by  the  divisii  l 
during  the  year  1907-8  were  valued  at  $4,792,252.36  more  than  ih 
receipts  ana  disbursements  of  the  previous  year.     During  the  pa-t 
year  the  division  received  72  full  cargoes  of  material  and  part  car- 
goes from  250  ships,  while  during  the  fiscal  year  1906-7  there  were 
received  37  full  cargoes  and  part  cargoes  from  150  ships. 
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Value  of  material  received  and  disbursed  during  the  jBscal  year 
L 907-8  is  shown  as  follows: 

Value  of  material  received. 

deceived  from  the  United  States  on  United  States  bills |10, 507, 016. 07 

United  States  department  bills 30, 969. 18 

Local  purchases 17,210.41 

PurcbaBed  from  the  Panama  Railroad 390, 799. 77 

Manufactured  for  stock 493, 566. 30 

Returned  to  stock 167,542.90 

11,  607, 094. 63 
Value  of  material  iseued. 
Issued  to  all  departments: 

New  stock $11,502,263.77 

French  stock 182, 894. 56 

11, 685, 158. 33 

As  shown  by  the  above  statement,  the  amoimt  of  French  material 
used  or  disposed  of  during  the  past  year  was  valued  at  $182,894.56. 
In  this  amount  is  included  all  scrap  brass,  copper,  and  cast  iron  used 
in  the  foxmdries  at  Gorgona  shops. 

During  the  past  year  the  rebuilding  of  the  large  general  storehouse  at 
Moimt  Hope,  which  was  partly  destroyed  by  fire  on  April  1,  1907, 
was  completed  and  restocked.     New  storehouses  have  been  built  at 
Bas  ObisDo,  Empire,  Culebra,  and  Paraiso,  in  addition  to  new  oil 
houses  at  Mount  Hope,  Gorgona,  Empire,  and  Bas  Obispo,  all  of  which 
enable  this  division  to  better  care  for  and  promptly  and  economically 
handle  the  large  increase  in  business.     During  tne  past  year  there  has 
also  been  authorized  the  construction  of  two  storage  magazines  for 
dynamite,  of  300  tons  capacity,  two  magazines  for  storage  of  electric 
exploders,  blasting  caps,  fuses,  etc.,  and  two  watchmen's  houses  to 
be  erected  adjacent  to  same.     One  set  of  buildings  is  to  be  located 
in  the  Mindi  Hills,  about  7,500  feet  ft*om  the  Panama  Railroad  at 
Mindi,  and  the  second  set  about  9,000  feet  from  the  Gamboa  Bridge, 
up  the  Chagres  River.     Great  care  has  been  taken  in  the  selection  of 
the  sites  for  these  buildings,  so  as  to  prevent  loss  of  life  and  property 
in  the  event  of  accidental  explosion.     Track  has  been  laid  from  the 
main  line  of  the  Panama  Railroad  to  the  site  in  the  Mindi  Hills,  and 
work  has  commenced  on  the  buildings  at  that  place,  which  are  to  be 
constructed  of  concrete  blocks.     We  have  imder  consideration  at 
the  present  time  the  construction  of  three  new  storehouses,  one  to  be 
erected  at  the  dry  dock,  Cristobal,  one  at  the  Gatun  lock  and  dam 
site,  and  one  at  La  Boca  shops,  the  business  of  this  division  at  those 
points  having  outgrown  the  capacity  of  the  old  French  buildings  now 
m  use,  and  oy  putting  up  new  buildings  there  will  be  gained  the 
additional  advantage  of  economy  in  labor  through  having  the  store- 
houses convenient  to  the  shops. 

I  annex  the  following  statements,  showing  the  principal  items  of 
material  handled  bv  this  division  since  the  inception  of  the  canal 
work,  and  especially  during  the  fiscal  year  1907-8:  animals  and 
vehicles  in  charge  of  this  division ;  amount  of  pay  rolls  for  the  past 
fiscal  year,  and  expenditures  for  account  of  sick  leave  and  vacation; 
organization  of  the  division  of  material  and  supplies : 

No.  1.  Statement  of  important  items  of  material  received  from  July  1, 1907,  to  June  80, 

1908. 
No.  2.  Important  items  of  material  roroived  from  inception  of  canal  work,  1904,  to 

June  30, 1908. 
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No.  3.  Statement  ol  nutterial  due  on  United  States  requisitions,  July  1,  1908. 
No.  4.  Statement  of  kind  and  number  of  vehicles  in  use  on  the  Isthmus,  called  f  ~r 

the  division  of  material  and  supplies. 
No.  5.  Statement  showing  live  stock  staiHed  and  foraged  by  the  division  of  maur 

and  supplies. 
No.  6.  Statement  of  amounts  of  payrollB  of  the  division  of  material  and  euppliee  fr 

July  1, 1907,  to  June  30,  1908. 
No.  7.  Statement  of  expenditures  for  account  ol  sick  leave  and  vacation  of  empk*}- 

of  the  division  of  material  and  supplies,  from  July  1, 1907,  to  June  SO,  V* 
No.  8.  Organization  of  the  division  of  material  and  supplies,  June  30,  1908. 

No.  1. — Important  items  of  material  received  by  the  division  of  material  and  suppl- 

from  July  /,  1907,  to  June  SO,  1908, 


Article. 


QtiABtfty. 


Steam  shovels. 

Cars 

Unloadera 

B&llAst  plows. 

Spreaders 

Cranes 


Dredges 

Tugboats 

Steel  barges 

Air  compressor 

Rock  drills 

Rock  chamielers 

Track  bolts pounds. 

Track  spikes : do . . . 

An^e  bars do. . . 

Tie  plates 

Rati  braces 

16-fOot  split  switches 

Switch  points 

Frogs. 


Switoh  stands 

Railway  water  tanks 

OU  fuel  tanks 

Launches 

Cone  rete  mixers 

Road  rollers 

Motor  cars 

Alr-comprsssor  plant  ( La  Booa) 

Material-handling  plant  (Oatun) 

15-ton  rock  crusher  ( La  Boca) 

Saddle  tank  locomotives 

Steel  rails tons. 

Ties 


Electric  cranes.. 
Hoisting  engines. 
Lumber 


.feet  b.  m. 


Plies 

Switch  and  cross  ties. 

Brick 

Dynamite 

Powder,  blasting. 


Total. 


38 

800 

10 

6 

10 

9 

8 

5 

12 

1 

172 

13 

008,000 

1,084,000 

119,  in 

470,000 

5,000 

481 

410 

e» 

880 

3 

15 

2 

4 

1 

3 

1 

1 

1 

4 

19,2544 

501,876 

3 

18 

38,885.521 

34,857 

501,574 

246,000 

8,852,000 

54,000 


ValuP. 


f59i 

900.  4>'  ' 
52,  vv» 

€6.0T'  • 
81. 'Ci 
1,061.'*+-L  ■ 
299.  (M 

S4.7'>. 

34.71    • 
44,7l\  - 

56,41!. 

4.fle'. 
n,  &\ 

7,  S3.  . 

1 ,  5*  t  ■' 
14,21%  ' 

2.t>>    ' 

2,&r  ' 

2,  M  I  ' 
M.  (^^  - 

293.614 

38.27^ 
12. 6a:  • 

12,  m:.  • 
19. 4»a.  • 

876. 174. 1 
296,317  ' 
448.072  7 

6, 8.V.  ■» 
1,051,577  3 

6,jOU  1 


7.fi».I3£.^ 


No.  2. — Important  items  of  material  received  by  the  division  of  material  and  ntppi 

from  inception  of  the  canal  work  to  June  90^  1908, 


i'i 


ArtJMe. 


Lumber...- feetb.  m.. 

Bxploelvei: 

Dynamite pounds.. 

Powder,  blasting do — 

Fuses feet.. 

Caps,  blasting 

Bxploders.  electric 

20-30  hole  batteries 

40-60  hole  batteries 

Lead  wire feet.. 

Connecting  wire poonde.. 

Insulated  tape feet.. 


Quantity. 


112,670,129 


11,635,100 

681,600 

3,866,800 

917,000 

586»400 

32 

137 

160,500 

8»648 

67,000 


12,535,077  <« 


1,873.312  ^* 

63,837  V 

27.740  . 

4,866  4.' 

45,0t».a 

531. 5C 

S,685.c< 

1,057- 

804.  !> 

201. 7l- 

1,681,104.:^ 
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fo.  2. — Imporiani  iUmt  tf  matflrial  rweiMrf  dy  thu  divimon  ef  material  and  euppKes 
from  inception  of  the  camd  work  to  June  SO,  1908 — Ck>ntinued. 


Article. 


Ilee: 

Untreated 

Treated 

Steel pieces. 

team  shoyelB 

are 

r  nloaders 

lallast  plows 

Uirth  spreaders 

looomotives 

ranee 


*lle  drivers. 

>redges 

\igboat8... 
larges. 


Lir  ooQipressors 

took  drills 

lock  channelers 

lock  crushers 

tteel  rails tons. 

Track  bolts pounds. 

Track  spikes do... 

kngle  bars 

CMe  plates „ 

tteel  railroad  bridge 

iall  braces 

Switch  ehalrs 

[Yack-bolt  washers pounds. 

Jpllt  switches  sets. 

Switch  points 

J  witch  stands 

Frogs. 


:^ross-ties 

Switch  ties 

Bridge  ties 

iVater  cranes 

rum  tables 

Railway  water  tanks. 

3U  fuel  tanks 

Erecting  cranes 

Launches 


Eloistiiig  engines. 
Concrete  nuxers. 


Concrete  block  machines 

Boad  rollers 

ftf  otor  cars 

Power  plants 

Cabieways  (oost  estimated) . 
Cement. 


Furniture:  # 

Married  quarters 

Bachelor  quarters 

Hospitals 

Wire  screening 

Forage  and  corral  supplies  (wagons,  carta,  other  ydildes,  etc) 

Rolling  stock  and  machinery  (looomotiyea,  craaaa,  ears,  ataam  ahoveia, 

plows,  spreaders,  etc.) 

Ffoathig  equipment  (bargea,  dredgea,  launobea,  rowboaU,  tugboato, ate.). 

Brick  (oonunon,  fire,  paVuig,  etc) 

Roofing,  corrugated  iron , 

Laborers'  berths,  oota,  tents,  etc 

Iron  (pig,  round,  flat,  aquare,  boiler,  aheet.  etc) 

Oils  (linseed,  cylinder,  engine,  oar.  valve,  lubricating,  etc) 

Large  machinery  and  tools  (lathea.  drilla,  planers,  eoglnea,  ateam  ham- 
mers, crashers.  planlDg  mlDs,  eleotrk)  plants) 

Live  stock  (1904  to  IMerinoiaBtve): 

Mules , 

Hoi 

Cows, 


ToUl. 


Quantity. 


39.530 

11,351 

300 

101 

3,445 

29 

42 

28 

164 

28 

2 

12 

« 

29 

21 

489 

26 

7 

38,816 

1,005,000 

8,800,000 

302,306 

1,606,872 

1 

43,500 

500 

7.200 

1,3S2 

510 

1,478 

1.545 

005,514 

41,753 

18,500 

14 

2 

10 

15 

3 

4 

40 

10 

3 

6 

5 

3 

7 


Value 


8338,007.08 

237,030.26 

0,448.80 

1,060,470.06 

3,048,206.70 

156,830.00 

30,345.00 

110.301.00 

1,830,258.00 

211,305.00 

18,000.00 

1,734,788.00 

841,000.00 

458,015.00 

88, 474.  n 

100,675.02 

64,610.00 

30,705.08 

1,126.074.47 

30,222.10 

82.535.80 

113,472.08 

123,005.61 

15,606.70 

4,262.50 

340.00 

162.30 

34,084.15 

5,431.75 

13.205.26 

32,111.00 

786.263.86 

66,201.52 

23,262.30 

2.780.00 

2,046.00 

10,751.78 

14,215.00 

12,645.00 

14,030.67 

38,550.50 

11.060.00 

2,250.00 

14,479.00 

4.480.00 

366,523.97 

202,000.00 

323,687.40 

187,823.67 
127,311.60 
70,434.43 
289.014.01 
380.164.48 

8.051,205.63 
2,584,511.00 
308.084.06 
378,730.10 
206,830.00 
272.758.37 
200,861.60 

1.210,640.36 

86,184.00 

33,660.00 

3»425.00 


32,016.667.58 
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No.  3. — Statement  of  important  items  of  material  due  on  United  SUUeg  requUitiorj 

July  1, 1908. 


Article. 


LooomotivM. 
Gftn. 


Coaling  cnuiM 

TngboAts 

BargM.  steel 

Stern-wheel  tow  boat! 

Air  oompreaeor 

Rockdrflls 

TO-ponnd  steel  raila tons. 

Track  bolts pounds. 

Track  spikes do... 

Angle  bars 

Tie  plates 

15-foot  split  switches seU. 

Switch  stands 

Frogs. 


Cross-ties 

Brf<teeties 

Electric  cranes.  20-ton 

KMn^  water  cranes 

Railway  water  tanks 

a  by  12  hoisting  engines 
otor  ears 

Taiinch 

Power  plant  (cost  estimated) . 

ToUl 


18  ! 
58 


61 

1,021 

57,000 

70,000 

11,000 

345,000 

2» 

180 

242 

72,000 

8,000 

1 

2 

5 

6 

1 

1 

S 


30.  Xi 
66,  Ji 

31.  ti.. 
1,C 

4. 1-, 

15, 91. 

5«  Io>.' 

1,S.V 

4.:wv 

5,3_- 
3,4Gi 
4H 
2,  Ai 

3,ro 
153,  ai.. 


I 


942,  48a.  V 


No.  4. — Statement  showing  hind  and  number  ofvMcUe  cared  for  by  the  divirion  of  maler 

and  supplies  f  June  30,  1908, 

Wagons V 

Carts i: 

Carriages r 

Waeonettes 

Ambulances 

Scrapers >- 

Miscellaneous  vehicles j 

Total ?^y 

No.  5. — Statement  showing  live  stock  stabled  and  foraged  by  the  division  of  material  or 

supplies,  June  30,  1908. 


Animals. 


Moles.. 
Horses. 

Do. 

Do. 

Do. 
Moles.. 
Horse.. 


Total. 


Owned  by- 


Division  of  material  and  sopplies. 
....do 


Police  department 

Private  parties  (owner's  expense) 

Private  parties  (Isthmian  Canal  Commission's  expense) , 

Panama  railroad 

Fire  department 


Nmnber 


Note.— The  animals  shown  as  belonging  to  the  division  of  material  and  supplies  aie  used  by  variv. 
departments,  the  corral  expenses  b^ng  prorated  among  the  departments  aod  dlvislODS  asinc  tiB£:- 
portation. 
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No.  6. — Statement  of  amount  of  pay  roUs  of  the  diviium  of  material  and  supplies,  from 

July  1,  1907,  to  June  SO,  1908. 


llonth. 


1907. 
Joly 

iVugust 

September 

<  >ctober 

f^o  vember 

L>eoemb8r 

1006. 

J  anuary 

Kebroaiy 

li£arch 

April 

May 

June... 

Total 


Silver. 

Qold. 

858,243.48 
61,00a06 
63,357.80 
65,212  34 
50,660.02 
49,677.41 

40, 74a  41 
51,007.12 
55y703.59 
56b  850. 00 
^79a04 
60,867.02 

826, 28a  90 
24, 46a  45 
25,566.a'( 
20,099.73 
25,525.67 
25^060.04 

28,70188 
25,791.30 
25,5ea21 
25, 29a  10 
25,602.66 
27, 47a  20 

701,60a61 

314,322.77 

Combined 
gold. 


854,408.64 
54,950.49 
57,24130 
61,70a90 
65, 36a  68 
50,757.75 


53, 57a  08 
51,330.96 
53,411.60 
52, 07a  05 
57.001.02 
62,39a  71 

66^12a07 


No.  7. — Statement  of  payments  made  in  the  division  of  material  and  supplies,  for  sich 
leave,  injury  leave,  vacation  leave,  and  transit  time,  from  July  1, 1907,  to  June  SO,  1908, 


Statloiu. 

Bick  leave. 

Injury 
leave. 

VaoaUon 
leave. 

Transit 
Ume. 

Total. 

89a  34 
30ai5 
43.75 
15a  00 
36a  74 
888.02 
487.19 

827.85 
15160 

81,a'»  88 
321.34 
19a  67 
739  66 
27a  83 
1,882.51 
1,588.05 

825.00 
55.00 

82,00a07 

Ancon  corral 

807.18 

Ancon  store 

24a  42 

La  Boca  Btore. 

880.66 

Paraiso  store. 

****8a97* 

41.67 
201.67 
109.17 

681.24 

£mi>ire  store  and  lumber  yard 

3,041.17 

Gorsona  store. 

2,18141 

Ivatun  corral 

* 

Mount  Hope  rtore 

1,967.40 
1,87a  62 

9a  83 
5.60 

5, 64a  31 
11,941.18 

16a  00 
38117 

7,85154 

Cristobal  main  office .                               .  . 

14,20147 

Total 

6,20a21 

307.84 

24, 44a  43 

97a  68 

31,99a  16 

No.  8. — Organization  of  the  division  of  material  and  supplies, 
(W.O.  Tnbby.ohlef  of  dlvtalon;  IC.  A.  FoUman.  aeoretary;  force,  l^QO.) 

Main  office:  Force,  96;  Max  Dyer,  chief  clerk;  clerks,  68;  checkers,  foremen,  watch- 
men, laborers,  etc.,  36. 
Receiving  and  forwarding  division:  H.  Leonard,  chief;  clerks,  11. 
Bookkeeping  division:  J.  J.  Jackson,  chief;  clerks,  23. 
Purchase  requisition  division:  Paul  Wuttke,  chief;  clerks,  2. 
Shipping  division:  C.  E.  Kendall,  chief;  clerks,  9;  foremen,  checkers,  and  labor- 
ers, 27. 
Local  express:  A.  W.  Davis,  foreman;  men,  6. 
Timekeeping  division:  C.  F.  Hagemann,  chief;  clerks.  6. 
Mount  Hope  store:  Force,  398.    E.  D.  Hammond,  storekeeper;  Wm.  A.  Graham, 
assistant  storekeeper*  clerks,  24;  foremen,  checkers,  and  laborers,  367. 
Drydock  store:  J.  H.  Cotter,  storekeeper;  foreman;  men,  3. 
Gorgona  store:  Force,  116;  G.  L.  Prentiss,  storekeeper;  clerks,  9;  foremen,  checken, 

and  laborers,  106. 
Paraiso  store:  Force,  27.    J.  L.  Nolan,  storekeeper;  clerks,  7;  foremen,  checkers, 

and  laborers,  19. 
Empire  store:  Force,  133.    F.  W.  Miracle,  storekeeper;  clerks,  14;  foremen,  checken, 
and  laborers,  69. 
Lirio  lumber  yard:  Geo.  D.  Dixon,  foreman;  men,  21. 
Culebra  store:  0.  S.  Bovd,  8torttk(H<|M«r;  men,  10. 

Powder  magasine:  Men.  8. 
Bas  Obispo  store:  X.  D.  Holt.  Htorttkeoper;  men,  5. 
Powder  magaxine:  Men,  2. 
Ancon  store:  Force,  o.  R.  0.  Bhady,  itorvkwpor;  dorks,  2;  men,  2. 
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Panama  t)ffice:  Force,  M.    W.  Knigel,  statioiier  and  printer;  W.  C.  Hnsldiis,  <-: 
clerk;  clerks,  9. 
Printing  plant:  Geo.  F.  Halsey,  foreman  printer;  men,  41. 
Stationery  store:  Men,  13. 
La  Boc|t  store  and  liunber  yard:  Force,  83.  L.  C.  Yamiali,  stoiekeeper;  clerk* . 

foremen,  checkers,  and  laborers,  78. 
Typewriter  repair  shop:  Men.  3. 

Animal  transportation  (185  nones,  447  mules):  Force,  997.~W.  B.  BmBon,  s^^t*' 
intendent;  H.  W.  Latighlln,  veterinary  suigeon;  J.  R.  Brown,  assistant  veteriil.- 
soigeon;  clerk,  1. 
Cristobal  corral:  W.  P.  Costley,  corral  foreman;  men,  62;  hones,  13;  mole?.  ' 
Tabemilla:  Horse,  1;  mules,  4.    Bohio:  Mule,  1.    Gokm  hospital:   Horv* 
mules,  7.    Colon  quarantine  station:  Man,  1;  mule,  1.    Pohce  deparciik<^!i 
Horse,  1.    Panama  Railroad  store:  Mules,  3.    Pumma  Railroad  conuMu^tur 
mules,  7. 
Gatun  corral:  Geo.  H.  Turner,  corral  foreman;  hones,  4;  mules^  41;  men,  Z' 
Police  department  horses  cared  for  and  for^fed,  3;  private  animab  c&red  i  - 
at  Isthmian  Canal  Commission  expense,  1. 
G<»gona  corral:  Men,  9;  hones,  2;  mules,  15.    James  Manion,  corral  foreman. 
Bas  Obispo  stables:  Men,  3;  horses,  4;  mules,  6.    Police  department  hor=-- 
cared  for  at  Gorgona  corral,  2;  private  animals  cared  for  at  owner's  ezpen^^ . . 
Empire  corral:  Men,  36;  horses,  7;  mules,  49.    N.  B.  Middleton,  corral  loreiiu' 
Police  department  horses  cared  for  and  foraged,  7;  private  animalw  stabled  ai 
fed  at  owner's  expense,  6. 
Las  Cascadas  stables:  Men,  5;  hoEKS,  2;  mules,  6.    Police  department  bor-- 
cared  for  and  foraged,  1. 
Culebra  corral :  Men,  49 ;  horses  8;  mules,  45.    James  A.  Simmons,  c<»ral  forenLvr 

Private  horses  stabled  and  fed  at  owner's  expense,  20. 
Paraiso  corral:  Men,  11;  horses,  2;  mules,  11.    Paraiso  storekeeper  in  charp 

Private  animals  stabled  and  foraeed  at  owner's  expense,  1. 
Ancon  corral:  Men,  125;  horses,  52;  mules,  120.    A.  Mantooth,  corral  foremAi 
Police  department  hones,  11;  private  animals  stabled  at  owner's  expense,  i*^ 
fire  department  horse,  1. 
Pedro  Miguel  stables:  Men,  4;  mules,  5. 
Corozal  and  spillway  stables:  Wm.  A.  Toombs,  oor*al  foreman;  men,  T 

horses,  3;  mules,  48. 
La  Boca  stables:  Men,  3;  horses,  3;  mules,  4. 

The  organization  of  the  division  of  material  and  supplies,  as  it  no^ 
exists,  is  largely  composed  of  men  who  have  been  in  tne  service  of  th- 
Isthmian  Canal  Commission  from  two  to  four  vears.  PracticaUj  a., 
of  our  storekeepers,  clerical  force,  and  foremen  have  been  in  the  serr* 
ice  from  one  to  four  years  and,  as  a  result  of  improvement  in  facili- 
ties and  the  acquirement  of  an  experienced  and  weli-oi^anized  forc^-. 
the  division  is  now  in  position  to  handle  the  business  over  which  i: 
has  jurisdiction  in  a  highly  satisfactory  manner. 

During  the  past  year  the  health  of  employees  in  this  division  h&^ 
been  good,  there  having  been  less  sickness  or  absence  from  duty  on 
account  of  illness  than  during  previous  years. 
I  have  the  honor  to  be,  very  respectfully, 

W.  G.  Tubby, 
Chief  J  Divi8i4m  of  Materud  and  Supplier. 

Lieut.  Col.  Geo.  W.  Goethals, 

Corps  cf  Engineers,  U.  8.  Army, 

UJuiirman  and  Cliief  Engineer ^ 

Isthmian  Canal  Commission,  Culebra,  Canal  Zone. 


BEPORT  ISTHMIAN  CANAL  COMMISSION — ^APPENDIX  I. 


287 


The  f  oliowiBg  statements  are  in  support  of  the  figures  used  in  the 
foregoing  report: 

Division  of  Material  and  Suppues. 

Important  items  of  material  received  fiom  inception  of  canal  work  to  June  SO,  1908. 

Lumber: 

Received  to  June  30,  1908 feet  b.  m..  112,670,129 

On  order  July  1,  1908 do 2,764,310 

Total  received  and  on  order do 115, 424, 439 

Lumber  received  from  July  1,  1907,  to  June  30,  1908 do 38, 985, 521 

Explosives  received  from  the  inception  of  canal  work  to  June  SO,  1908. 


Material. 


Dynamite:  '^ 

80  per  cent pounds. 

45  per  cent do... 

60  per  cent do. . . 

76  per  cent do. . . 

Unelasslfled do... 

Powder: 

BlastinE : do... 

OiantNo.  0 do... 

Giant  No.  1 do... 

OiantNo.  2 do... 

Trojan do . . . 

Rackarock do... 


Caps,  blasting number. 

Exploders,  eleotrio do... 

Fuzes feet. 

20-30  bole  batteries number. 

40-50  hole  batteries....*. do... 

Copper  wire: 

No.  12 feet. 

No.  24 pounds. 

Connecting  win  No.  20 do... 

Lead  wire  No.  20 feet. 

Insulated  tape do... 


Quantity. 


20,000 

6,607,000 

4,682,000 

300,000 

16,100 


Values. 


81,960.00 
736,726.80 
680,070.00 

42,876.00 
8,101.00 


11,635,100      1,873,812.50 


500,500 
15,000 
33,500 
22,500 
50,000 
2,000 


631,500 


Total  yalue. 


Untreated  piles number. 

Treated  piles.... do... 


Steel  piling 

Piles  received  from  July  1, 1007,  to  June  80,  lOOB. 


.pieces. 


917,000 

686,400 

8,868,800 

82 

127 

155,000 

1,4B0 

1,188 

6,500 

57,000 


30,580 
U,351 


50,890 


34,657 


45,412.50 
2,860.00 
6,176.00 
3,100.00 
6,000.00 
300.00 


63,837.50 


4,865.45 

45,069.00 

r, 740. 08 

631.50 

8,685.66 

1,020.43 

456.78 

848.41 

36.81 

201.70 


83,854.78 


1,521,104.78 


818,087.02 
227,980.24 


586,027.29 

9,4I».80 


296,317.35 


Statement  of  important  items  of  material  received  Jrom  July  i,  1907,  to  June  SO,  1908. 


Description  • 


Booyras  steam  shovels: 

45-ton 

70>ton 


Marion  stesm  shovels: 

Model  No.  30 

ModdNo.60 

Model  No.  91 


Osn: 

40-ton  wooden  flats 

13-yard  all  metal  dump.. 


Lidginpood  unloaden,  13  by  19. . . . 

Flows,  aide  ballast 

SpreaOfln  (Mann-MbCann) 

FooMTlMtt  saddle  tank  tooomoUvss 


1 

Qnantlty.'      Valm 


7  I 
7  . 


87,760.09 


14 


116. 789. «» 


1 

7 

16 


24 

soo 


6,787.jO 

290, 889. 80 

280,980.00 

337,9l«.<W 
502,899  00 


««%4      •     •»•     * 


•  I 

10 
4  : 


889, 489  00 

«,Q6O.O0 

6, 489. 09 

06,070.09 

13.683.00 
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Statement  of  important  items  of  material  received  from  July  1,  J9C7,  to  June  30, 19' 

Oontiniied. 


DeacrtptioD. 

Quantfty 

Vaior 

Cranes: 

25-tOD  looomotlT6 

4 
Z 
2 

$a».c 

20>ton  looomottve 

27,?^. 

lO-ton  looomottve 

11,  r 

9 

81.t..- 

l>i«dgeB: 

5-yard  dipper 

8 
4 
1 

305.69 

TfMDCh  soction 

3m  y* 

gfMlgOillg  nKttOD 

367.  r» 

Togtxiftts *. 

8 
5 

12 

1 

1.061.9*^ 

29d.tM 

Steel  barges 

249.CftL 

Air  compressor 

4,0^" 

Book  drills: 

IncersoU-Raod  Co..  F-32 

24 

9 

51 

SO 
37 

1 

# 

4,T«: 

%• 

Btar  steam  chnm 

34.  c: 

9.32i 

Wood,  Sl. 

5,  OH 

V* 

Book  OhaniV^ftrS.    V-8 r  .  .  .  .  .  r  ,  r  .  r  .  -  ,  -  ,               .  .      .  ,  -     r 

172 
13 

32.31C 

Baas: 

aO-pound  steel tons.. 

200 
17,264i 

7.1«  ■ 

TCKpound  steel do 

537.  ir^  -* 

Traok  bolts. .ponpd?  . 

508,000 

1,664.000 

119.150 

470,000 

410 

544.S:- 

34,7L=i  ■ 

Angle  bars 

44.:i%' 

56,  il. 

Bail  braces 

4^:  ■ 

15-foot  split  switches.  70-pound 

11,3:4 

Switch  Dotnts.  70^pound 

4,0^'  ■ 

Frogs: 

No.  5 

24 

as 

507 
12 
24 
25 

19^1 

m  « 

No.  7 

10,32s  - 

2»^ 

No.  9 

M': 

im" 

Switch  stands 

688 
880 

12.  Si^'' 

7,S5ii- 

Ties: 

Cross 

459*606 
23,680 
18,500 

397,257' 

Bridee 

39.es  5 

Switch 

22,2bl'' 

601,876 

S 
15 

458,94s > 
l!5«  > 

Oil  fuel'tanks 

14,215. « 

Electric  cranes: 

10-ton 

1 
2 

«.6«0f 

20-ton 

8,90S'i 

Lftunchflff r - , . . . ,  - . . ,  - 

3 
2 

2,600.  (»• 

7  by  10  boistlne  endnes 

10 
8 

9,13*.  J 

Sh  by  12  holstlne  ensdnes 

10,327'^ 

Concrete  mlxera 

18 

4 
1 

19.461" 

3,6®" 

Boad  rollers.  8-ton 

2,50a" 

No.  2  motor  car 

1 
2 

210.  A* 

Style *"C'*  motorcar                                                              .  .      .. 

2,600.1* 

3 

2.8ia«' 

Plants: 

I A  Boca  air  compiwso' . 

1 
1 
1 

34,63i^ 

208,6Iit)C 

La  Boca  15-ton  rock  crusher 

88,27&<* 

3 

366,SB'S? 
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Summary  of  material  received  from  July  1,  1907,  to  June  SO,  J  908, 


DMcrtptton. 


Steam  shovel*. 

Cars 

Unloaden 

Ballast  plows. 

Spreaders 

Cranes 


Dredges 

Tugboats 

Steel  barges 

A 1  r  compressor 

Rock  drills 

Rock  chamielers 

Track  bolts pounds. 

Track  spikes do... 

Angle  ban do. . . 

Tie  plates 

Rail  braces 

15-foot  split  switches 

Switch  points 

Frof 


i^ti 


Switch  stands 

Railway  water  tuiks 

Oil  fuel  tanks 

Launches 

Concrete  rilxers 

Road  roller 

Motor  cars 

Air-compressor  plant  (La  Boca) 

Material-handling  plant  (Oatun) 

15-ton  rock  crusher  (La  Boca) 

Saddle-tank  locomotives 

Steel  rails tons. 

Ties 

Electrical  cranes 

Hoisting  engines 

Total 


Quantity. 


38 

800 

10 

e 

10 

0 

8 

6 

12 

1 

173 

13 

£08,000 

l,084tOOO 

110,150 

470,000 

6,000 

481 

410 

028 

880 

3 

15 

2 

4 

1 

3 

1 

1 

1 

4 

10,254i 

501,876 

3 

18 


Value. 


S403,60a00 
000,489.00 

fia,osaoo 

0,42a  00 

06,070.00 

81,624.63 

1,061,044.00 

209,00a00 

240,005.00 

4,087.00 
64,706.60 
32,305.00 
13,468.00 
34,71580 
44,71&g8 
56,419.11 
487.50 
11,324.70 

4,606.76 
12,82596 

7,85a  25 

1,54a  50 
14,21500 

2,60a00 

3,660.00 

2,5oaoo 
2,8iaoo 

34,634.88 

293,614.00 

38,27509 

12,652.00 

544,337.44 

458,048.76 

12,645.00 

10,463.00 


4,840,683.04 


Statement  of  important  iteme  of  material  received  from  inception  of  canal  work  to  June  SO, 

1908. 


Description. 


Bucyrus  steam  shovels: 

fc-ton 

70-ton 

95-ton 


Marlon  steam  shovels: 

Model  No.  20 

Model  No.  60 

Model  No.  91 


('ars: 

50-ton  steel  flat 

12-yard,  all  metal  dump 

40-ton  wooden  flat 

Larne  western  dump 

Bmall  western  dump 

Wofftem  dump  (narrow  Ratise) 

noodwln''dump 

King  Lawson"  dump 


«<i 


Lldgerwood  unloaders: 

10  by  12 

12  by  12 

12  by  12 


Quantity. 


10 
85 
32 


77 


1 

7 

16 


24 


500 
500 

1,786 

aoo 

300 

85 

35 

12 

1 


3,446 


6 

16 

7 


29 


Value. 


871,100.00 
330,89a  00 
400,550196 


802,549.96 


5,787.50 

70,26Z50 

210, 88a  00 


286,990.00 


430,500.00 

562,500.00 

1,«34,632.00 

645,000.00 

311,100.00 

7,94500 

17,460.00 

31,500.00 

2,660.70 


3,948,206.70 


39,124.00 
IO,2WI.OO 
36,495rj0 

\tm,tsm  m 
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StaUment  ofimporUaU  iUmt  qfmaiaial  receheifrom  inatpHtm  <s 

i90»-€ontiiiued. 


to  Jiau 


Deaeits^km. 


Plowi: 

Oenter-lMllMt 

SMe-ballJMt 

Spimdm: 

Mum-MeCaiin 

Jordan 

Ixioomotlves: 

19b3r24MOBlil 

19  by  24  8wltobiDg 

20  by  26  Mogul 

4-wbeel  aaddl»^«iik 

CruMs: 

100-ton  Bueynit  wnddng 

75-ton  B  ooyrus  wncklng 

7&-ton  BucyruB  wrecking 

20-ton  Anwiican  hoist  and  deirick 

lO-ton  looomotlye  coaling 

16-ton  looomotive  coaling 

20-ton  looomotive  coaling 

2&-ton  locomotive , 

Pile  driven,  InduBtrial  WorkB 

Dredge*: 

3  to  6  vard  dipper , 

&-yara  dipper , 

20-incfa  soction 

Sea^goiog  auction 

Tugboats 

Baiges: 

Steel,  15  by  40 

Steel,  25  by  75 

Steel 

Steel,  dump,  360  to  400  yards 

Air  oompreesors: 

Rand,  Type  X 

Rand,  Type  10 

Franklln^ype  D-D.  8.  Co 

Laldlaw-Dunn-Oordon 

Portable,  74  br  Slnches 

Portable,  F.  M.  &  Co 

Chicago  Pneumatic  Tool  Co.,  No.  2821 

Rockdrllte: 

Pierce,  4-lndi  W.  B 

Pierce.  6-lnoh  W.  B 

Little  Giant,  No.  4 

LlttleGlant»No.5 

Chicago,  3|-inch 

Star,  No.  0 

Sullivan,  No.  7 

IngeraoU-Rand  Co.,  F-32 

Ingeraoll-RandCo..  G.A.  2 

IngeraoU-Kand  Co.,  A.-50 

Keller,  IHnch 

Star  steam  cbuoi 

Keystone  steam  chum 

Sullivan,  OH-U 

Wood,  3|-lncb 

Chicago  Giant,  R-3Hiicta 

Rockchannelers, '*Y-S*' 


QnsBtlty. 

Vefaift 

1 

6 

SIA* 

36 

S.&^ 

42 

39,  K 

19 

toi- 

4 

ls,  i- 

23 

U9.Z-. 

100 

1,130.  TTl 

40 

49,-^  • 

20 

236.  :•* 

4 

i2.eA.- 

164 

I,ga9.2£.' 

1 

H*. 

1 

12,4* 

1 

12,4^ 

1 

6.>«  • 

7 

45. 2:- 

a 

U.Si: 

u 

66.  l> 

4 

39.  *d.' 

28 

211.*!:.' 

2 

18, ««  ' 

2 

306.(!0r  • 

4 

406.  ij:  ' 

4 

399. 3f   ■ 

2 

735.  a^w' 

12 

1,734.:^' 

6 

341,  Off  • 

6 

14,5a' 

5 

44,SlY  ' 

12 

2«.»  ' 

6 

149,  Cft  ' 

29 

4S8,(HJ' 

4 

17,  %n » 

4 

2i.(XH* 

3 

8,6>r 

6 

31.  W 

2 

2,Sv; 

1 

1.7ti  • 

1 

4.(frT' 

21 

88, 17*' 

2 

gwy 

1 

919- 

26 

9,1»'- 

25 

13.231* 

26 

S,?**" 

10 

9.825' 

25 

8.5i:; 

105 

33»7i'^2 

26 

14.284 1 

37 

6,7»l^ 

25 

2.«^i 

94 

e6,»L 

2 

1,010-^ 

50 

9.X5  " 

37 

5.C84' 

1 

I»A 

489 

190,«?i^ 

25 

64,61ft»- 
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Statement  of  important  items  of  material  received  from  inception  of  canal  work  to  June  SO^ 

i9(W— Continued. 


DeacTlptlon. 


Rock  cniahere: 
Champion,  No.  3 
McGuUy,No.5.. 
McGiill7,No.8.. 

Qate8,No.5 

Gates,  No.  8 


Ralls: 

30-poand,  steel tons. 

70-pound,  steel do. . . 

85-pound,  steel do... 

Trade  bolts pounds. 

Track  spikes do... 

A  ngle  bars 

Tie  plates 

Slnue  track  steel  bridge 

Rail  braces 

Switch  chairs 

Track-bolt  washers pounds. 

15-foot  70-pound  split  switches sets. 

15-foot  switch  points 


Vsloe. 


$1,536.00 
8,075.00 
8,653.57 
3,624.00 

17,906.35 


39,796.92 


Frogs: 

70-pound,  Kb.  6. . . 
7(>-pound,No. 6  ... 
7fr-pound,No. 7  ... 
70-pound, No.  8  ... 
70-pound, No. 9  ... 
Spring  rail, No.  10 


38.815 

1.006,000 

3,809,000 

302,306 

1.505,872 

1 

43*500 

500 

7,300 

1,382 

510 


Switch  stands. 

Ties: 

Cross 

Switch 

Bridge 


Water  cranes: 

Otto,10-lnch 

Mansfield,  8-lnch  . . . 

Turntables,  60-foot 

Railway  water  tanks. . . 
Oil  fuel  tanks 

Erecting  cranes: 

10-ton 

2D-ton 

Launches 

Hoisting  engines: 

64  by  10 

71^10^ 

8ibyl2-. 

Lidgerwood,  No.  71 


Concrete  mixers. 


feS^; 


To.  2. 
No.  3. 


Concrete-block  maoblnes. 

Road  rollers: 

44  to  5  ton 

7j  to  10  ton 

12  to  13  ton 

8-ton 


7,16116 

1,117, 75a  93 

150.38 


1,126,074.47 

30,222.10 

82,535.80 

113,472.03 

123,005.61 

15,606.70 

4,262.50 

340.00 

162.30 

34,024. 15 

5,431.75 


24 

164 

1,029 

24 
279 

25 

196.00 

3,190.60 

20,976.80 

517.20 

6.420.56 

806.75 

1.545 

1,478 

32.111.90 
13.206.25 

905.514 
41.753 
18,590 

786.263.86 
66.201.52 
22,262.39 

965.857 

874.727.77 

1 

12 

2,400iCO 
3601 00 

'                 2 
19 
15 

2,7W.0O 

2.»«^00 

10,751.76 

14.215.00 

1 
2 

3. 640.00 
4. 906. 00 

3 

4 

12.545  00 
i4,9»«7 

4 
22 
12 

2 

3.6QO.0O 

19  211.00 

13  S22.Q0 

3.2:a.50 

40 

£,560.50 

6 

1 
3 

6.370100 
1.2S5  00 
3.406  60 

10 
3 

11. 060.00 
2.2S0L0O 

I 
3 

1 
1 

1,339100 
9w  145^00 
3.50&00 
2.aVL00 

6 

14.4IU00 

57948-01 
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Statement  ofmportanl  Uems  o/material  received  from  ineeption  <tf  canal  work  to  Jvw 

1908--OmtinuBd. 


Deaciipti<xi. 


VaIix 


Motor  can: 

No.  16 

No.2 

StyleC 

Power  pUntfl: 

La  Booa,  air  oominreMor 

Gattm,  material  handling . . . 
La  Boca,  15-ton  rock  onuhflr 

Cableways: 

1  single  unloading 

2  duplex 

4  duplex  (over  lodes) 


a29S.0ti 


o  Estimated  cost. 

Summary  of  important  items  of  material  received  fivm  inception  of  canal  work  to  J 

1,  1908. 


Article. 


Steam  shovels. 
Cars 


Unloaders 

Ballast  plows... 
Earth  spreadnrs. 
Locomotives.... 
Cranes 


Pile  drivers. 

Dredges 

Tugboats. . . 
Barges 


Air  compressors 

Rock  dnils 

Rock  channelers 

Rock  crushers ^ 

Steel  rails tons . 

Track  bolts pounds. 

Track  spikes do. . . 

Ang^e  bars 

Tie  plates 

Steel  railroad  bridge 

Rail  braces 

Switch  chairs 

Track-bolt  washers pounds . 

Split  switches sets. 

Switch  points 

Switch  stands 

Frogs . 


Cro8»-ties 

Switch  ties 

Bridge  ties 

Water  cranes 

Turntables 

Railway  water  tanks 

Oil-fuel  tanks 

Erecting  cranes 

Launches 

Hoisting  engines 

Concrete  mixers 

Concrete-block  machines. . . 

Road  rollers 

Motor  oars 

Power  plants 

Cableways  (oost  estimated) 

Total 


Quantttr 


101 

3,445 

29 

42 

23 

164 

28 

3 

12 

6 

29 

21 


7 

38»816 

1,006,000 

3,809.000 

303,308 

1,606,873 

1 

43,600 

600 

7,300 

1,352 

510 

1,478 

1,546 

905,514 

41,763 

18,690 

14 

2 

19 

15 

3 

4 

40 

10 

3 

6 

5 

3 

7 


Valoi. 


31,089,47^ 
3,943,?>  1 

158,  «^^  < 

39;.-;'^  'I 

119.  :•<  'I 
1,83B,^:-I 

1K,(>» 
1,731  :^^  ' 
341,  C»»  '1 

458,'-:^  -1 
88,4:4  ■■ 

190. 's'  - 
64,6! 
39,7Vt  J 
1,135,0:^'' 

30,2i:  ' 

83.•3:^ 

133,(>*'  ■ 
15/0^  . 

34,p:i- 

5,451.' 

»,111-^ 

78B,2t.v: 

66, 3  •-  • 

2.94t' 
10,751" 
14,21^  ' 
12,54i\ 

38,53' 

11,»»'' 

2,^»  • 

14,47"^ 

4,4fSV. 

366,  .^-^.■, 
202.  OOi^' 

is,6n,«i-' 
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Statement  of  important  itemg  of  material  purcha$ed  for  account  of  the  lethmian  Canal 
Commiaaionfrom  inception  of  canal  worly  1904t  ^  •^^^^  ^0,  1908. 


ArtUde. 


Cement 

Furniture: 

Married  quarters 

Bachelor  quarters 

H  ospitals 

Wire  screening 

Foracre  and  corral  sup- 
plies (wagons,  carts, 
other  ▼ehiclee,  etc.) 

Boiling  stock  and  ma- 
chinery (locomotives, 
cranes,  cars,  steam 
shoTels,  nnloaders, 
plows,  spreaders,  etc).. 

Floating  equipment 
(barges,  dredges, 
launches,  rowboats, 
tugboats,  etc.) 

Brick  (common,  fire,  pav- 
ing, etc.) 

CorriKated  iron  roofing. . 

Blasting  material 

Laborers'  berths,  cots, 
tents,  etc 

Iron  (pig,  round,  flat, 
square,  boiler,  sheet, 
etc.) 

Oils  (linseed,  cylinder,  en- 
gine, car,  valve,  lubri- 
cating, kerosene,  etc.) . . 

Large  machinery  and 
tools  (lathes,  drills, 
planers,  engines,  steam 
hammers,  crushers, 
planing  mUls,  electric 
plants) 


Live  stock  (1904  to  1906, 
inclusive): 

Mules 

Horses 

Cows 


1904. 


a$4,49a00 

967.50 

234.02 

9, 065. 11 

5,20a00 


6, 16a  00 

586, 16a  00 
1,657.39 


5,689l70 
92,737.71 

609L10I 


9,60aOB 


17,08a  30 


1906. 


»t68,86a00    c987,967.00 


34,932.06 
53,31L51 
46,46&75 
32,lia00 


112,332.80 


3,142,874.00 


85, 07a  00 

190,697.47 
67,577.38 
67,677.38 

84, 87a  99 


38, 32a  20 


32,519.60 


133,171.69 


190a 


33,703.14 

35,08a  87 

1,307.90 

161,167.00 


97,21L14 


l,989,60a00 


1,423,467.88 

4, 27a  10 

92,70&75 

171,30L06 

81,809lOO 


17,35492 


36, 57a  60 


33,  lia  17 


1907. 


li  9102,045. 00 

65,762.82 

20,441.80 

4, 83a  60 

42,60aQ0 


88, 82a  87 


1,127,332.00 


422, 16a  68 

6, 83a  00 

76,309.23 

386,06a  22 

17, 34a  00 


40,6ia93 


13S,30ai6 


868, 63a  43 


190a 


«965,76a40 

72,459.15 

18,3ia40 

8,174.17 

54,937.91 


TotaL 


8333,637.40 

187, 82a  67 

137,311.60 

70,43143 

285,91491 


81,649.58     386,164  48 


1,206, 24a  63  8, 051, 205. 63 

I 

3,3ia38|  303,934  96 
131,45404  373,739.10 
680, 344  75^1, 396, 9ia  12 

22,39a  00     206,83a  00 


176, 46a  33 


92, 96a  35 


177,752.78 


273, 75a  37 


399,86L69 


1,319, 64a  36 


86,184  00 

33, 65a  00 

3,435l00 


113,3Sa00 


0  3,600  barrels.         &  39,500  barrels.         e  47,350  barrels.         <(  53,000  barrels.        <  35,160  barrels. 
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Statement  of  important  items  of  material  due  on  United  Statee  re^^uieitione,  July  /,  1908  • 


DMOrtptlon. 


Locomotives: 

4-wheel  saddle  tank 

40-ton 

Cars: 

l&-ton  steel 

6-yard  dump 

Cranes: 

20-ton  locomotive  coaling 

15-ton  locomotive  coaling 

Tugboat 

Barges: 

Steel 

Steel,  dump 

Steel,  rock  driU 

Stem«wlieel  towboat 

Air  compressor 

Rock  drills: 

Air  hammer 

Rock,  complete 

Ingersoll,  F-32 

Rock,  complete 

Steel  rails,  70-pound tons 

Track  bolts pounds 

Track  spikes do, . 

Angle  bars 

Tie  plates 

Do * 

15-foot  split  switches sets 

Do do.. 

Switch  stands 

Do 

Frogs: 

No.  5 

No.  6 

No.  7 

No.  9 

Ties: 

Cross 

Bridge 

20-ton  electric  crane 

10-lnch  water  crane 

Railway  water  tanks 

8i  by  12  hoisting  engines 

Motor  car 

Launch 

Plants: 

Porto  Bello  (bucket  conveying) 

Gatun  (boiler) 

La  Boca  (boiler) 


Quantity. 


8 
10 


18 


8 
50 


58 


16 


18 

12 

25 

6 


61 

1,021 

57,000 

70,000 

11,000 


200,000 
45,000 


245,000 


30 
200 


230 


30 
150 


180 


5 

10 

165 


242 


72,000 
8,000 


80,000 
1 
2 
5 
6 
1 
1 


Value. 


825,304.00 

55,ooaoo 


8D.304.0O 


4.ooaoo 
25,ooaoo 


29,ooaoo 


23.550.00 
7,000lOO 


30,550.00 
66.30a0O 


258,soaoo 

80,000.00 
40,000.00 


878.fi0IX0O 

25.753.00 

9.124.00 


774.00 
7,920.00 
5,875lO0 

82&00 


15,394.00 

31,621.00 

1,425  00 

1.633.33 

4.125.00 


12.739.85 
3. 181. 50 


15,921.35 


660  00 
4.49SlOO 


5,15500 


22a  50 
1,I15lOO 


1.33&00 


4a  00 

19a  00 

3,030  00 
1,296.50 


4,556.50 


64,08a  OO 
5,32&00 


0B,4O&OO 

3, 400  00 

480.00 

2,50aQO 

8,ioaoo 

8,500.00 
1,100  00 


} 


13,300.00 

i40.ooaoo 

153,300  00 
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Summary  of  material  under  contract. 


Article. 


LocomotlTes.. 

Cars 

CkMdlng  cranes . 
Tugboat. 


Barges,  steel 

Stem-wheel  towboat 

Air  compressor 

Rock  drills 

TO-pound  steel  rails tons . 

Track  bolts pounds. 

Track  spikes do. . . 

Angle  bars *. 

Tie  plates 

IMoot  split  switches sets. 

8  wi  tch  stands 

Frogs. 


Cross  ties 

Bridge  ties 

Electric  cranes,  20-ton. 
10-tnch  water  cranes. . . 
Railway  water  tanks. . 


H\  by  12  hoisting  engines. 


[otorcar. 

Launch 

Power  plants  (cost  estimate) 


Total. 


Received. 
On  order. 


Total. 


Quantity. 


18 

58 

4 

1 

16 
1 
1 

61 

1,021 

67,000 

70,000 

11,000 

246,000 

230 

180 

242 

72,000 

8,000 

2 
5 
6 
1 
1 
3 


Value. 


$80,304.00 

20,000.00 

30, 55a  00 

66,300.00 

378,50000 

26,753.00 

9,12400 

15,394.00 

31,621.00 

1,42&00 

1,633.33 

4,125i00 

15,921.35 

5,155l00 

1,335.50 

4,566.50 

64,080.00 

5,328.00 

3,400.00 

480.00 

2,500.00 

8,000.00 

3,5oaoo 

1,100.00 
153,30000 


942,485.68 


13,577,962.29 
942,485.68 


14,520,467.97 


Statement  of  number ^  hindf  and  location  of  vehicles  cared  for  by  the  division  of  material 

and  supplies  June  30,  1908. 


Location. 

Wagons. 

Carts. 

Car- 
riages. 

Wagon- 
ettes. 

Ambu- 
lances. 

Scrapers. 

MisoeUa- 

neous 
vehicles'. 

Total. 

Cristobal  corral 

Bocas  del  Toro 

31 

20 
3 
6 

7 

1 

2 

11 

10 

82 
3 

Gatun  corral 

18 

1 

1 

26 

Bohio 

TfLh^rriilla 

3 
6 
2 
3 
23 
12 
4 
6 

1 

3 

Qoigona  corral 

7 
3 
2 
20 
20 
3 
3 

1 
1 

1 

15 

Basl^bispo  corral. . . 

6 

Las  Caacadas  stable. 

5 

Empire  corral 

6 

1 

49 

Culebra  corral 

1 

1 

1 

36 

Paralso  corral 

7 

Pedro  Misuel  sUblea 
Cocoli  spillway 

f  9 

27 

27 

Corozal  corrai 

4 

1 

61 

1 

1 

29 

5 

La  Boca  stable 

2 

Ancon  corral 

17 

5 

4 

7 

9 

122 

Total 

163  i          110 

25 

8 

8 

54 

20 

397 

I 
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LocoHion  and  number  of  the  Hodt  ttabUd  and  foraged  hf  the  divinon  of  maUrial 

euppUeg  June  30, 1908. 


pliee  dlvialoiL 

Po1k« 
depait- 

ment 
horees. 

PzlTata 
honMiat 
owner'a 
ejqpenn. 

Ptivate 

Panama    FInde- 
Baflroad  partment 
ll^atoek  atookat 
at  mate-  material 
rial  and   andaup- 
anppliee      jritoa 
oorxala.    oorxala. 

Ctoal 
CommJ^ 

don 
expenae. 

Location. 

Hides. 

Home. 

TotaL 

Cristobal  corral 

86  !            14 

1 

10 

m 

Boeaa  del  Toro 

2 

41 

1 
3 

2 

Gatun  corral 

4 

3 

1 

^B 

Boblo 

1 

TabemiUa 

i 

....'. ."  ... 

4 

QoT^na 

15                2 
6                  4 

2 

2 

21 

Baa  ObisiK)  corral . . . 
Laft  Caffcadaff  corral . 

10 

0 
40 

1 
7 

10 

Empire  corral 

Ctilf^brft  (^nrr^l 

7 

6 
20 

1 

GO 

45 
11 

5 
» 
16 

4 
113 

8 
2 

73 

Paraiao  corral 

'     1 

14 

Pedro  Miffuel 

CoooU  spruway 

Corozal  corral. 

1 

' 

6 

1 

3 

3 

51 

1 

40 

i                i 

19 

La  Boca  stable 

1 
28 

1 

8 

Ancon  corral 

11 

1 

1 

ao4 

'"*** 

Total 

436 

100 

26 

68 

1 

10 

1 

633 

Statement  of  work  at  printing  planty  Ancon,  from  July  1,  1907,  to  June  30,  1908. 


Month. 


1007. 

July 

Auguat 

September 

October. 

November.' 

December 

1908. 

January 

February 

March 

April 

May 

June 

Total 


Requeata. 


306 

381 
816 
831 
323 
360 


874 

286 
866 
400 
376 
420 


4,265 


2,000,065 
2,566,842 
2,044,126 
3,330,246 
2,074,578 
3,187,700 


4,032,071 
1,286,847 
2,801,045 
2,161,518 
2,584,310 
2,445,241 


30,513,407 


Bheeta 

raw 

material. 


267,060 
280,400 
821,006 
441,0» 
330,078 
447,600 


411,874 
842,460 
484,066 
483,568 
406,521 
376,706 


4,611,564 


Taga, 

enirriopea, 

etc 


116,226 
102,160 
108,560 
136,860 
88,000 
128,100 


90,200 
Ul,500 
166,455 

02,265 
130,760 

60,641 


1,340,776 


Manu- 

facturad 

vahw. 


82,40s.  98 
2,005.08 
2,532.93 

4,n6.23 
2,60a22 
2.879L12 


S,9Q&S7 
2,438.75 
4,096.45 
3,486.83 
3,78&fl8 
3, 04a  38 


38,513.10 
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APPENDIX  J. 

SEPOXT   OF  THE   DEPABTHElfT   OF   LABOR,   QVABTEBS,   AVD 

STrBSISTEVCE. 


CuLEBBA,  Canal  Zone,  July  i,  1908. 

Sib:  The  duties  of  this  department  have  not  changed  from  those 
described  in  the  })revioiis  annual  report.  The  growth  of  the  subsist- 
ence feature,  the  increase  of  force  over  the  whole  work,  the  setting  of 
a  higher  standard  in  the  care  of  quarters,  has  caused  an  increase  of 
at  least  50  per  cent  in  the  nimiber  of  employees  of  the  department. 

LABOB  SUPPLY. 

There  has  been  a  net  decrease  in  the  force  of  skilled  labor,  taking 
into  consideration  both  the  Panama  Railroad  Company  and  the  Isth- 
mian Canal  Commission.  Notwithstanding  this,  there  were  almost 
as  many  new  employments  as  in  the  preceding  year,  the  number  of 
men  emnloyed  bein^  5,200  and  5,800,  respectively,  for  the  two  years. 
This  will  serve  to  mdicate  the  shifting  character  of  the  force,  and 
shows  that  it  is  being  practically  renewed  yearly.  There  has  been  a 
radical  change  in  the  source  of  supply.  There  were  1,828  men  em- 
ployed in  the  United  States  as  agamst  3,038  the  year  before,  while 
the  number  of  men  employed  on  the  Isthmus  has  increased  from 
2,766  to  3,382.  Two  laoor  agents  represent  the  department  in  the 
United  States  instead  of  three,  and  it  may  be  possible  to  handle  all 
new  employments  with  one  agent. 

The  niunber  of  imskilled  laborers  has  increased  little.  There  are 
approximately  500  more  Europeans  and  1,000  West  Indians  on  the 
work  than  at  the  close  of  the  fiscal  year  1906-7.  To  make  this 
increase  and  fill  the  gaps  caused  by  the  departure  of  old  men,  4,150 
West  Indians  and  3,650  Europeans  were  imported.  The  total  excess 
of  inunigration  over  emigration  was  nearly  18,000.  As  far  as  supply 
is  concerned,  the  labor  problem  mav  m  considered  solved.  The 
efficiency  of  the  labor  will  bear  watcning  until  the  very  end  of  the 
work,  but  the  Question  will  be  solved  by  the  foremen  on  the  work 
rather  than  by  tne  importations  of  this  department.  There  will  prob- 
ably be  a  movement  of  Europeans  to  South  America  from  time  to 
time.  A  portion  of  the  West  Indians  will  be  constantly  changing  as 
before,  but  a  tendency  to  stability  was  noted  in  the  past  year  and 
will  be  perhaps  more  so  in  the  year  to  come. 

QUABTEBS. 

Approximately  700  American  families  have  been  brought  down  to 
the  isthmus  during  the  past  year.  This  department  has  recom- 
mended the  construction  of  quarters  accommodating  250  families. 
Conversions  of  bachelor  <]|uarters.  old  fVench  houses,  and  laborers' 
barracks  are  constantly  bemg  made  to  take  care  of  American  families 
now  being  brought  or  to  be  brought  to  the  work.    While  there  arc 
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still  a  number  of  applications  on  file,  there  is  no  congestion  of  married 
(]^uarters  and  no  such  demand  as  there  was  a  year  a^o.  In  a  short 
time  there  will  be  practically  no  new  construction  neeoed,  as  the  num- 
ber of  natural  vacancies  occurring  from  time  to  time  will  take  care  of 
the  applications  to  be  filed.  Tnere  is  no  congestion  in  laborers' 
quarters.  There  has  been  an  increased  tendency  on  the  part  of  the 
laborer  to  go  to  the  brush  and  build  himself  a  shack,  or  to  go  into 
tenements  m  the  various  small  towns  along  the  Zone.  Whue  this 
relieves  the  commission  of  the  obligation  to  quarter  these  men,  it  is 
an  open  question  whether  the  movement  is  beneficial. 

The  department  has  tried  to  set  a  higher  standard  of  cleanliness  in 
both  gola  and  silver  quarters.  Vigorous  attempts  have  been  made 
to  rid  all  quarters  of  vermin,  and,  in  the  main,  these  attempts  have 
been  attended  with  success.  There  has  been  an  improvement  in  the 
methods  of  camp  management. 

SUBSISTENCE. 

This  feature  has  assumed  the  proportions  of  a  great  business.  The 
monthly  receipts  touch  $175,000  and  the  disbursements  are  corre- 
spondingly large.  Operations  show  a  profit,  in  the  whole,  of  approx- 
imately $16,000,  or  aoout  1  per  cent  on  the  volume  of  business.  The 
equipment  has  been  betterea.  The  standard  of  food  and  service  has 
been  improved.  A  system  of  inspections  was  inaugurated  during 
the  year,  and  an  attempt  made  to  improve  the  cleanliness  of  all 
classes  of  messes. 

Attached  are  a  number  of  tables  summarizing  the  operations  of 
the  department  for  the  year. 
Respectfully  submitted. 

R.  E.  Wood, 
First  Lieutenant,  Third  Cavalry f  U,  S.  Army, 

Assistant  Manager. 

To  the  Chairman,  Isthmian  Canal  Commission, 

Culisira. 

Laborers  brought  to  the  Isthmus  at  the  expense  of  the  commissum. 


Month. 

Bor- 
deaux. 

San- 
tander. 

238 

332 

198 

52 

27 

73 

St.Na- 
£aira. 

Vigo. 

Marti- 
nique. 

Barba- 
dos. 

Barce- 
lona. 

Guad»- 
loupe. 

Total. 

1907. 
Julv 

133 
87 
92 

114 
3 



240 
188 
336 
103 
93 
99 

64 
00 
58 

137 

926 

August 

S€pt€nil)er 

"iw* 
am 

270 

750 

1,450 
803 

October 

7S5 

Noveml»er 

■"'122' 

24 
20 

419 

Decern  l)er 

..•••... 

314 

Total 

312 

92()  ;        117 

1.064 

909 

872 

• 

256 

137 

4,647 

inas. 

January 

122 

99    

210 
456 
164 
3S2 
401 
SBO 

20 
21 
24 
18 

S5 
37 

*'***■*** 

4S1 

February 

477 

March..". 

April 

May 

38 
45 

125 
51 

81 

96   

417 
466 

S07 

.Tun«. 

179 
558 

806 

Total 

8.3 

...•.••• 

195 

2,173 

1«. 

3,151 

Grand  total . 

1 

1 
I........ 

7.801 

1 

Note.— There  were  also  rpreive<1  164  members  of  families  of  Bnropean  laborers,  the  cost  of  whose 

tranfiportation  (which  is  included  in  the  figiu^es  below)  wa8  S4,068.75. 
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Amount  expended  for  the  traruportation  of  laborers  to  the  Isthmus, 


Month. 

Bor- 
deaux. 

San- 
tander. 

St.  Na^ 
Zaire. 

Vigo. 

Marti- 
nique. 

Barba- 
dos. 

Barce- 
lona. 

Guade- 
loupe. 

1907. 
July 

$5,206.20 
3,5ia75 
3,717.17 

$8, 33a  00 
11,129.00 
6, 93a  00 
1,82a  00 
1,356.30 
2,416i40 

$4,507.60 
12L21 

$8,17&71 
6,404.30 

11,44&01 
3,506.75 
3, 33a  40 
3,372.50 

$2, 24a  00 
3, 15a  00 
2, 03a  00 

$1. 15a  00 

August 

$5,40a00 

September 

$1, 13a  50 
4,93a  00 
2,41&00 

October 

November 

927.50 

December .... 

1,024.80 

1908. 
January 

4,90a00 

J 

3,372.48 

1,764.00 
3, 28a  20 
1,377.60 
2, 05a  80 
3. 119. 60 
4,24&00 

857.50 
778.75 
062.50 
717.50 
1,058.75 
1,36&00 

^rw»u»>  J   .....  . 

February 

MftiTh . .   . 

2,003.75 
1,57&00 

4,37&00 
2, 187. 50 
3,212.30 
7,052.50 

3, 27a  30 

April 

Mfty ., 

1 

June ' . ,  - . . 

1 

1 

Total  cost  of  transportation  of  laborers  for  the  fiscal  year.  $165,07^63. 

Deductions  made  from  pay  of  contract  laborers  to  cover  cost  of  their  transportation  to  the 

IsihmuSy  fiscal  year  1907-8. 


JiUy 117,885.39 

August 17,166.26 

September 18, 978. 47 

October 19,241.26 

November 21, 197. 06 

December 28, 624. 04 

January 24, 745. 91 


February |24, 624. 64 

March 24,443.98 

April 19, 399.35 

May 2 1, 294. 35 

June 14, 910. 18 

Total 252,429.89 


The  money  collected  for  transportation  from  European  laborers 
largely  exceeds  the  total  disbursements  for  both  Europeans  and 
West  Indians.  A  considerable  percentage  of  the  collections  was 
from  men  brought  over  during  the  previous  fiscal  year  under  the  old 
conditions  ($4  monthly  deductions). 

Average  monthly  force,  Isthmian  Canal  Commission^  fiscal  year  1907-S. 


Month. 


July 

August . .  - . 
September. 
October... 
November. 
December. 
January... 
February.. 

March 

April 

May 

June 


Construc- 

Labor, 

avfl 
adminis- 
tration. 

tion  and 

quarters. 

Sanita- 

Disburs- 

Audit* 

enslneei^ 
mg. 

and  sub- 
sistence. 

tion. 

ing. 

ing. 

10,203 

1,747 

444 

2,579 

128 

60 

18,747 

2,015 

408 

2,676 

127 

60 

18,846 

1,027 

403 

2,254 

124 

54 

21,224 

1,033 

424 

2,062 

127 

58 

20,503 

2,065 

416 

2,072 

122 

61 

18,040 

2,005 

412 

2,133 

126 

57 

20,562 

2,064 

474 

2,131 

131 

56 

20,038 

2,010 

505 

2,188 

128 

50 

20,422 

2,060 

505 

2,372 

123 

61 

20,768 

2,240 

405 

2,440 

117 

40 

20,584 

2,265 

488 

2,364 

122 

56 

1         20,300 

1 

2,410 

404 

2,200 

100 

56 

Total. 


24,161 
24,033 
23,607 
25,828 
25,320 
23,763 
25,428 
25,828 
25,562 
26,118 
25,881 
25,678 


From  United  States. 

Europeans 

West  Indians 


ChusifUd force,  June  SO,  1908. 


Panama  Railroad  force. 


4,587 

4,913 

16,078 

25, 578 
816 


Gold  force 

Laborers 4,337 

5,153 

•    NoTB. — Pntctically  all  of  the  laborers  employed  by  the  Panama  Railroad  Company 
are  West  Indians. 
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Statement  of  force  aetuaUif  at  work  on  June  SO,  1908. 


Dcpwrtinmt. 


Gold 


I 

Construction  tad  • 
engineering 3.536 

Labor,  quartern  ' 
and  flubslBtence.i 

Civil  administra-  | 
tion I 

Sanitation 

DislmrsementB... 

Examiner  oX  ac- 
counts  


Arii 


I 


32 
MootM  cents 


ly. 


and 
over. 


179 

32S 

39.5 

94 


1,945 
1. 


143 

880 
15  ! 


4,464 

75 

22    . 
123  '. 


20 


1,764 

4 


4,176 
204 


33 


38 


13} 


T< 

&: 


3,427 

417 

1 


55 


Totals 4,587       4,473       4,684  |  1.768     4,413  j      500 

I  I 


637 


4,616 


16,764 

2,231 

166 

1,814 

IS 


20,091 


30., 

2.  i 

1 
25, 5 


Panama  Railroad  Company  force,  5,622. 

Statements  showing  operations^  by  months,  of  hotels,  European  laborers'  messes,  and  com 

mon  laborers*  kitchens. 

HOTELS. 


Month. 

Ezpeoae. 

Infiomit 

Gain. 

Loss. 

t 

July 

867,117.77 
60.77123 
56,59143 
56,41177 
57,61L06 
60,219.44 
58,90128 
54,387.85 
63,09151 
61,33L18 
65,43196 
62,3BL61 

$53,79131 
56,482.10 
53,38116 
5150190 
60,41172 
68,688.57 
58,52162 
54,89167 
59,852.19 
58,665.88 
59,154.25 
59,97121 

.*      $3.31X.46 

August 

4.294.13 

Sc'plember 

3,215.27 

October 

$2,084.13 
2,807.64 

Noveiny>er 

Decern  ber 

1,530-.  ST 

January 

3S2.61 

February 

50182 

March 

3.244.33 

April 

2. 66.1  30 

May 

6. 2S2.  71 

June 

2,406.40 

Total 

1 

5,397.59 

27.342  07 

\ 

5,397.59 

Net  lo«8 

1 
............1 

21,944  48 

I 

EUROPEAN  LABORERS'  MESSES. 


July 

Augiint 

Bcptpniber. 
October... 
November. 
Dweinbor. 
January... 
February.. 

March 

April 

May 

June 


Total.... 
Net  gain. 


$37,369.88 
38,887.28 
40,606.53 
40,24148 
41,440.87 
30,64135 
39,228.96 
40,538.11 
44,96119 
44,444.72 
41,792.64 
43,61163 


$38,497.11 
39,23190 
41,234.49 
43,664.19 
38,53153 
41,604.47 
42,64183 
42,54107 
46,06113 
44,07183 
42,317.29 
43,57117 


$1,127.23 
351.62 
627.96 
3,417.71 
2,91134 
1,95112 
3,417.87 
2,00196 
1,10104 


52485 


|37a8B 


17,453.40 
409.16 


17,04416 


a&aB 


409125 
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nents  showing  operatiorUf  by  monthi,  ofhotehj,  European  lahoren*  metaes,  and  com- 


mon  laborers*  hUAens— Continued. 

COMMON  LABORERS'  KITCHENS. 


Months. 


...   Iff 
I 


lat 

sxnber. 

»ber... 

ember, 
smber. 
jary... 
ruary.. 

vh 

il 

7 

le 


Total. 


NetgiUn. 


32. 
30. 
29, 
28, 
26, 

S; 

27, 


638.87 
74L80 
425.4B 
70&08 
406.06 
386.12 
372100 
4«L88 
467.00 
461.05 
100.12 
02X86 


I11OOOI6. 


$36,806.00 
87,006.70 
34,07X20 
34,  on.  13 
32,786.06 
32,481.00 
31,300.60 
27,181.40 
27,102.04 
26,166.62 
28,138.40 
6a  661. 03 


Gain. 


$1,160l13 

2,184.00 

1,446.72 

2,260.10 

2,288.03 

3,006.78 

3,027.60 

738.52 

644.34 

030.28 

4,638L17 

22,442L57 
20&43 


22,147.14 


$206.43 


206.43 


Summary  of  suhsisienee  operations. 


V 


Une  hotel! 

;^uropean  labonn' 

^Common  laborers'  Utohtfis. 

Hotel  TlvoU 

Washington  Hotel. 


Total. 


Net  profit  for  year. 


Profit. 


$17,044.16 

22,147.14 

270.11 


30, 47a  40 
22,65a  13 


ie,82a27 


$21,044.48 


705.65 


22, 65a  13 


Force  by  monthSf  department  of  labor,  quarters  and  stibsistence. 


Month. 


f 


July 

August... 
September 
October... 
November 
December. 
January.. 
February. 
March.... 

April 

May 

Jane 


Odd. 

aUver. 

100 

1,578 

150 

1,866 

147 

1,780 

153 

1,780 

157 

1,006 

165 

1,030 

167 

1,017 

161 

1,840 

157 

1,012 

160 

2,080 

178 

2,067 

170 

2,231 

Total. 


1,747 
2,015 
1,027 
1,033 
2,065 
2,005 
2,084 
2.010 
2,060 
2,240 
2,265 
2.410 
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Statement  of  changes  made  each  month  in  the  gold  personnel  of  the  force  on  the  Isthmtu. 


Month. 


July 

AnguBt 

September ' 

October [ 

November i 

December 

Jftnaary 

February ' 

March 

April 

May 

June 

Total ! 


Eniployed 

in  United 

States. 

Emj^oved 

onlstn- 

mu8. 

Total  em- 
ployments. 

Smara^ 
tiona. 

27S 

300 

576 

414 

307 

306 

613 

530 

204 

235 

430 

370 

215 

381 

506 

330 

117 

188 

305 

360 

100 

270 

370 

616 

110 

377 

406 

467 

05 

278 

373 

310 

70 

271 

341 

355 

05 

240 

335 

340 

118 

313 

431 

380 

112 

223 

335 

301 

1,828 

3,382 

5,210 

4,827 

(+)  or  de- 


-»-i«a 

+  74 
+  60 
+257 

—  64 
—346 
-»-  20 
+  54 

—  14 

—  5 
+  42 
+   34 


Net  additions  for  the  year,  383. 

During  the  year  the  following  houses  were  authorized  for  construc- 
tion upon  recommendation  of  this  department: 

Standard  laborers*  barracks 15 

Standard  laborers'  kitchens 5 

Standard  European  laborers'  mess  halls 2 

Cooking  sheds 2 

Hotel  help'  quarters 1 

Storehouses 6 

Standard  type  church  and  lodge  hall 1 

Assembly  hall 1 

Bath  houses 4 

Range  closets 7 

Washhouses 6 

Combined  range  closet  and  bath 1 

Type  8  Quarters 1 

Type  8-A  quarters 1 

Type  10  quarters 3 

Type  14  quarters 56 

Type  17  quarters 17 

Type  18  quarters 4 

Type  20  quarters 2 

Type  21  quarters 6 

Type  24  quarters 1 

Chapel '. 1 

Statement  of  imvxigration  and  emigration  through  Isthmian  portSj  by  months. 


Month. 


July 

August 

Septeml^r 

Octolier 

Novem^-»er 

December 

January 

February 

March 

April 

May 

June 

Total.... 


Immi- 

Emigm- 

gration. 

tion. 

5»4a6 

8.490 

4.972 

3.731 

5,885 

3.610 

5,485 

3.616 

4,803 

3.871 

4,970 

5,264 

6,on 

3,729 

4,804 

3,687 

5,762 

4.111 

5,681 

4.423 

5,T91 

4.142 

7.282 

4,569 

65,998 

48,2«2 

The  excess  of  immigration  over  emigration  was  17,756,  practically 
all  of  whom  were  steerage  passengers,  so  that  there  is  a  source  of 
labor  supply  independent  of  the  men  brought  to  the  Isthmus  by  the 
conunission. 
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OccwpanU  of  Isthmian  CetnaZ  Commission  qtuxrters  June^  1908. 


DiBtrlct. 

Oold  employees. 

West  Indians. 

Europeans. 

lien 

Women. 

Children. 

Men. 

Women. 

Children. 

Men. 

Women. 

Children. 

La  Boca. 

Ancon 

182 
295 
127 

28 
195 
283 
555 
791 
224 
106 

67 
632 
136 
107 

15 
302 
868 

87 

41 

111 

30 

2 

67 

90 

233 

215 

77 

36 

9 

166 

10 

32 

0 

80 

216 

1 

40 
79 
41 
0 
44 
98 

199 

150 

78 

12 

6 

172 
10 
38 
17 
78 

129 

204 

167 

123 

152 

222 

685 

790 

821 

435 

310 

76 

988 

442 

492 

40 

1,430 

1,049 

202 

16 

2 

3 

2 

27 

202 

132 

161 

90 

12 

15 

86 

10 

21 

30 

29 

268 

25 

5 

1 

2 

18 

201 

152 

122 

64 

14 

15 

110 

3 

23 

30 

20 

282 

186 
51 
263 
461 
302 
403 
420 
339 
406 
227 
153 
435 
413 
290 

6 

5 

1 

4 

8 

16 

50 

45 

56 

14 

3 

18 

1 

2 
13 

Corozal 

3 

Miraflores 

Pedro  Miguel 

Paraiso 

5 

6 

14 

Culebra 

60 

Empire 

47 

LaaCaaoadas 

Bas  Obispo 

Matachln 

Oorgona 

33 

16 

5 

19 

San  Pablo 

Taberntlla. 

Bohlo 

Qatun 

404 
295 
198 

13 

17 

Cristobal 

Porto  Beilo 

Total 

4,990 

1,415 

1,206 

8,627 

1,106 

1,093 

6,246 

240 

249 

Cost, 


Month. 


Admin- 
istra- 
tion. 


July $2,166.67 

August !  2,377.77 

September 3,430.84 

October :  2,666. 67 

November, 
December.. 
January. . . 
February., 

March 

April 

May, 


2,766.67 
2,766.67 
2,326.66 
2,326.67 
2,326.67 
2,326.67 
2,326.67 
June 2,326.67 


Total. 


Labor 
agents. 


11,650.00 
1,650.00 
1,650.00 
1,650.00 
1,400.00 
1,400.00 
1,400.00 
1,400.00 
1,400.00 

i,4oaoo 

1,400.00 
1,400.00 


Clerks. 


S8,89a08 

9,810.00 

7,920.46 

8,378.40 

8,464.92 

10,691.21 

10,709.22 

10,542.60 

11,871.43 

12,057.00 

11,46&28 

13,460.68 


Foremen- 
Janitors. 


822,660.23 
23,609.71 
29,795.67 
30,108.27 
32,129.28 
30,96L38 
30,206.96 
28,566.18 
29,133.33 
32,603.31 
33,360.94 
41,07469 


Sub8istence.a 


Stewards- 
clerks. 


14,  SOL  73 
5,187.24 
6,220.32 
5,693.87 
5,684.30 
6,O0L4O 
6,377.69 
6,222.24 
6,947.98 
7,200.12 
7,724.00 
7,0e9. 13 


76,130.10 


Cooks. 


84,636.06 
4,998.87 
6,110.12 
5,610.09 
6,782.39 
4,526.24 
4,42L13 
4,298.38 
4,790.79 
6,126.61 
4,38L88 
4,736.54 


50,419.52 


Waiters- 
helpers. 


89,05158 
9,947.40 
10,265.42 
10,387.29 
11,667.27 
12,305.86 
13,589.57 
13,50L80 
12,614.31 
12,687.06 
13,33&60 
14,207.60 


143,866.74 


Total. 


$54, 86a  21 
57,390.60 
65,382.83 
64,494.50 
67,794.92 
68,742.85 
6e,03L23 
66,587.77 
68,484.51 
73,400.77 
73,00L26 
85,174.30 


815,614  03 


a  Total  subsistence,  $278,006^6. 
HoUl  Tivoli. 


July 

August 

September. 
October... 
November. 
December. 
January... 
February.. 

March 

April 

May 

June 


Total. 


Month. 


Quarters. 


$1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


,528.00 
"8.60 
,227.40 
,162.30 
,37L27 
,124  30 
,626.10 
,147.71 
,17406 
,023.76 
,155.26 
,167.76 


Subsist- 
ence. 


$1,477.62 
1,242.09 
1,166.00 
1,468.85 
1,190.13 
1,626.12 
1,150.01 
1,63408 
1,637.77 
1,458.68 
1,310.73 
1,410.18 


Total. 


$3,006.62 
2,63a  60 
2,392.49 
2,621. 16 
2,66L40 
2,760.42 
2,786.01 
2.782.60 
2,812.73 
2,482.34 
2,47408 
2,677.03 


81,770.35 


NoTK.— The  amounts  above,  under  subsistence  and  Hotel  Tivoli,  totaling  $310,685.71,  are  charged  in 
the  expense  of  subsistence  operations,  so  that  the  net  pay-roll  cost  of  the  operation  of  the  department 
for  the  fiscal  jrear  was  $636,706^17. 


APPENDIX  K. 

REPORT  OF  HOir.  JO.  C.  S.  BLACKBimif ,  MEDEBEB  OF  ISTHMIAIT 
CANAL  COIOOSSIOV,  SEAD  OF  THE  DEPABTiaarT  OF  CIVIL 
ADHIHISTSATIOir. 


Anoon,  Canal  Zone,  July  SO,  1908. 

Sm:  I  have  the  honor  to  forward  herewith  report  of  the  depart- 
ment of  civil  administration  of  the  commission  for  the  fiscal  year 
ended  June  30,  1908: 

The  department  of  civil  administration  of  the  Canal  Commission 
is  the  government  of  the  Canal  Zone.  No  changes  in  the  organiza- 
tion of  the  department  have  been  made  during  the  past  fiscal  year. 
It  remains  as  it  was  described  in  the  last  annual  report.  The  name 
and  scope  of  the  department  as  then  described  were  fixed  by  the 
chairman's  order  of  May  9,  1907.  Executive  approval  of  that  order 
was  given  by  the  President's  order  signed  January  6,  1908,  reorgan- 
izing the  commission,  which  provided  that  among  the  other  depart- 
ments of  the  commission  there  should  be: 

A  department  of  civil  administration,  charged  with  the  duty  of  administering  the 
civil  government  within  the  Canal  Zone. 

The  executive  branch  of  the  department  includes  the  executive 
office,  the  divisions  of  posts,  customs  and  revenues,  police  and  prisons, 
schools,  fire  protection,  ana  public  works,  and  the  office  of  the  prose- 
cutii^  attorney.  The  judicial  branch  includes  the  supreme,  cu'cuit, 
and  (ustrict  courts  of  the  Zone. 

In  addition  to  the  supervision  of  the  work  of  the  divisions  of  the 
department,  the  head  of  the  department  also  represents  the  commis- 
sion in  its  relations  with  the  Republic  of  Panama,  and  with  foreign 
consuls  accredited  to  Panama  whose  jurisdiction  extends  to  the  Canal 
Zone. 

LEQISLATION. 

Congressional  le^slation  during  the  ;^ear  affecting  the  Canal  Zone 
includes  the  provision  in  the  appropriation  act  ot  May  27,  1908, 
respecting  the  use  of  local  revenues  of  the  Zone,  the  employer's 
liability  act,  and  the  act  providing  for  the  compensation  of  govern- 
ment employees  injured  in  the  performance  of  duty. 

The  President  promulgated  in  the  course  of  the  year  several  execu- 
tive orders  having  the  effect  of  law  in  the  Canal  l^one.  Among  the 
most  important  of  these  orders  are  the  order  of  January  9,  1908, 
extending  to  the  Canal  Zone  the  Chinese-exclusion  law  of  the  Re- 
public of  Panama,  and  the  order  of  February  6  providing  for  trial 
oy  jury  in  all  criminal  prosecutions  in  the  CJanal  Zone  wherein  the 
penalty  of  death  or  imprisonment  for  life  may  be  infficted.  Pre- 
vious to  the  promulgation  of  this  latter  order,  the  law  provided 
that  capital  cases  should  be  tried  before  the  juoge  of  the  circuit  in 
which  tne  crime  had  been  committed,  and  two  lay  associates. 
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The  Isthmian  Canal  Commission,  with  the  approval  of  the  Secre- 
tary of  War,  under  authority  of  tne  President's  order  of  April  15, 
1907,  enacted  various  ordinances  relative  to  sanitation,  taxation^ 
and  the  police  power.  Among  these  are  ordinances  prescribing 
building  regulations  for  the  Canal  Zone,  providing  for  the  impound- 
ing of  stray  animals,  and  revising  the  liquor  r^ulations  and  the 
scnedule  of  general  taxes  and  license  fees  collected  in  the  Zone. 


BELATIOKS  WITH  PANAMA. 


Almost  all  the  questions  discussed  with  the  officials  of  the  Re- 
public of  Panama  ciuring  the  year  either  grew  out  of  the  provisions 
of  the  canal  treaty  and  subsequent  agreements  between  the  United 
States  and  Panama,  including  the  authority  of  the  United  States 
to  do  sanitary  work  in  the  cities  of  Panama  and  Colon,  or  arose 
from  the  proximity  of  the  Zone  and  Panama.     Some  of  the  ques- 
tions in  the  first  class  are:  The  removal  by  the  commission  of  stone 
for  canal  purposes  from  the  quarry  at  Porto  Bello  in  the  Republic 
of  Panama,  and  the  purchase  of  land  for  that  purpose;  the  organ- 
ization of  tne  joint  commission  for  the  appraisal  of  private  land  used 
for  canal  purposes;  the  boundary  line  between  the  Zone  and  Panama; 
exchange  of  mails  between  Panama  and  the  Canal  Zone  and  the 
use  in  tne  Zone  of  Panama  postage  stamps;  a  method  of  committincr 
insane  persons  from  Panama  to  the  insane  asylum  of  the  health 
department  of  the  commission  in  the  Zone;  the  sale  to  employees 
of  the  commission  and  Panama  Railroad,  through  the  commissaries 
of  the  railroad,  of  supplies  brought  into  the  Zone  free  of  duty;  water 
rates,   nlumbing  regulations,   the   condition  of  the  water  supply; 
street  cleaning  and  garbage  removal,  and  the  opening  of  new  streets 
in  Panama  and  Colon.     Among  the  questions  of  the  second  class, 
arising  from  the  contiguity  of  the  Zone  and  Panama,  are  uniform 
harbor  regulations  for  tne  harbors  of  Panama  and  the  Zone;  uniform 
ordinances  in  Panama  and  the  Zone  requiring  dogs  to  be  muzzled, 
necessary  because  of  an  epidemic  of  hydrophobia;  uniform  regula- 
tions governing  public  carriages;    the  exercise  by  police  and  other 
officials  of  one  government  of  authority  in  the  territory  of  the  other; 
uniform  laws  to  prohibit  the  soliciting  of  labor  in  Panama  and  the 
Zone;  work  of  tne  Zone  fire  department  in  the  cities  of  Panama 
and  Colon;  and  a  census  of  Panama  and  Colon. 

Among  other  questions  also  discussed  are:  The  transfer  of  old 
government  records*  from  the  Zone  to  Panama;  the  preservation 
of  a  supply  of  rifles  and  other  munitions  of  war,  the  property  of 
Panama,  placed  in  the  commission's  char^  for  safe-keepmg;  the 
authentication  of  le^al  documents  originatmg  in  Panama  or  the 
Canal  Zone  for  use  m  the  other  iurisdiction ;  and  the  conduct  of 
the  presidential  and  municipal  elections  in  Panama  in  June  and 
July  of  this  year. 

The  relations  between  the  conmussion  and  Panama  were,  and 
continue  to  be,  satisfactory.  The  officials  of  the  Republic  mani- 
fested at  all  times  an  interest  in  the  work  of  the  commission  and  a 
desire  to  assist  in  its  rapid  and  economical  execution. 

Relations  with  foreign  consuls  whose  jurisdiction  extends  to*  the 
Canal  Zone  were  satisfactory.  Almost  all  the  questions  discussed 
with  them  involved  the  interests  of  citizens  or  subjects  of  their 
countries  living  in  the  Zone. 
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DIVISION  OP  POSTS,  CUSTOMS,   AND  SSYSNUBS. 

This  division  includes  the  postal,  customs,  and  public  land  services, 
the  collection  of  taxes  and  license  fees,  and  the  adnunistration  of 
estates  of  deceased  American  employees  of  the  commission. 


POSTAL  SERVICE. 


For  the  fiscal  year  the  sale  of  postage  stamps  amounted  to  $72,708.67 , 
and  there  was  collected  for  second-class  postage  87  cents,  making 
a  total  income  from  postage  sales  of  $72,709.54.  The  increase  over 
the  year  previous  is  $17,905.75.  or  32  per  cent.  The  greater  part 
of  the  mail  handled  is  carried  iree  under  government  frank.  It  is 
estimated  that  the  increase  in  the  total  volume  of  mail  handled  corre- 
sponds with  the  increase  in  stamp  sales. 

At  Cristobal  during  the  year  there  were  838  dispatches  of  mail, 
including  those  made  to  Colon.  There  were  handled  during  the  year 
142,089  registered  letters  and  parcels.  Of  these,  26,784  were  domestic 
letters,  5,513  domestic  parcels,  42,671  foreign  letters.  1,068  foreign 

f)arcels,  64,310  official  letters  and  parcels  registered  tree,  and  1,743 
etters  and  parcels  re-registered  free.  From  these  figures  it  will  be 
observed  that  45  per  cent  of  the  r^istry  business  is  official,  for 
which  nopostage  or  registry  fee  is  collected. 

The  offices  at  Ancon  and  Cristobal  handle  the  foreign  registered 
mail.  At  Ancon  during  the  year  there  were  10,121  exchanges  han- 
dled for  Panama  and  racific  points,  while  at  Cristobal  there  were 
64,630  exchanges  handled  for  the  United  States,  the  West  Indies, 
and  Europe. 

In  November,  1907,  sea  postal  derks  were  placed  on  the  Panama 
Railroad  steaniers  between  New  York  and  Colon,  greatly  facilitating 
the  handling  of  mail  to  and  from  the  United  States. 

One  hundred  and  fifty-three  thousand  four  hundred  and  fifty- 
seven  money  orders  were  issued  during  the  year  for  a  total  of  $4,686,- 
684.98,  yielding  a  revenue  in  fees  of  $19^309.14.  There  were  paid 
and  repaid  for  this  period  orders  amountmg  to  $1,051,129.42.  The 
average  amount  of  each  order  is  $30.54.  The  average  monthly 
money  order  sales  now  exceed  $400,000. 

Of  the  money  orders  issued  during  the  year,  orders  amounting  to 
$3,460,755.25  were  payable  in  the  United  States  and  other  countries, 
while  orders  amounting  to  $1,225,929.73  were  payable  in  the  Canal 
Zone.  The  orders  payable  in  the  Canal  Zone  are  in  a  lar^e  measure 
drawn  to  the  order  of  the  purchasers  themselves,  and  represent 
employees'  savings  deposited  with  the  government  tor  safe-keeping. 

Durmg  the  year  ended  June  30,  1907,  82,830  money  orders  were 
issued,  for  the  aggregate  amount  of  $2,318,956.34,  the  fees  amounting 
to  $9,832.65.  Tne  increase  in  the  money-order  business,  as  compared 
with  the  preceding  year,  is  more  than  100  per  cent. 

New  buildings  erected  for  post-office  purposes  at  Cristobal,  Culebra, 
and  Ancon  were  completed  and  occupied  auring  the  year. 

CUSTOMS  SBRYICB. 

During  the  past  year  182  vessels  entered  at  the  port  of  Ancon,  with 
a  total  tonnage  of  352,590,  and  181  vessels  cleared,  with  a  tonnage 
of  352,484.  At  Cristobal  230  vessels  entered,  with  a  tonnage  of 
455,273,  and  233  vessels  cleared,  with  a  tonnage  of  458,050.     The 
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usual  services  were  rendered  seamen  and  vessels.    Under  the  agree- 
ment with  Panama  no  duties  or  customs  fees  were  collected. 

At  the  port  of  Ancon  284  Chinese  arrived  in  transit  to  the  Republic 
of  Panama  or  other  countries.  Of  this  number  246  were  permitted 
to  disembark,  by  authority  of  the  secretary  of  foreign  affairs  of  the 
Republic  of  Panama,  and  38  were  transferred  or  returned  to  the  port 
of  embarkation. 

FUBQC  LAND  SBRVICE. 

At  the  close  of  business.  Jime  30,  1908,  there  were  in  force  1,081 
leases,  of  which  878  were  tor  building  lots,  194  for  agricultural  land, 
and  9  for  buildings.  The  area  of  the  agricultural  land  under  lease 
is  590  hectares,  or  1,458  acres.  Rent  collected  during  the  year 
amounted  to  $17,436.76,  as  against  $7,974.78  for  the  fiscal  year 
ended  June  30,  1907 — an  increase  of  $9,461.98,  or  more  than  100  per 
cent. 

TAXES   AND  UCENBS  FEES. 

During  the  year  there  was  collected  on  account  of  general  taxes 
and  licenses  the  sum  of  $77,467.47. 

There  was  collected  as  distillation  tax  $3,814.94,  or  about  one-half 
as  much  as  for  the  year  previous.  The  collections  for  this  tax  have 
steadily  decreased  since  1905. 

Thirty-four  licenses  were  issued  for  the  sale  of  liquor  at  retail. 
The  license  fee  is  $1,200  per  annum,  and  the  total  revenue  from  this 
source  was  $40,800. 

Only  one  company  qualified  to  do  business  in  the  Canal  Zone  under 
the  terms  of  the  executive  order  of  the  Secretary  of  War,  dated  March 
12,  1907,  respecting  insurance  and  bonding  companies.  This  com- 
pany paid  the  prescribed  fees,  amounting  to  $129.02 

AD1CINI8TRATION  OF  ESTATES. 

The  collector  of  revenues  is  ex  oflScio  administrator  of  estates  for 
tbe  Canal  Zone,  where  decedents  were  citizens  of  the  United  States 
and  employees  of  the  Isthmian  Canal  Commission  or  the  Panama 
Railroaa  and  the  estate  consists  entirely  of  personal  property  not 
exceeding  in  value  $500  United  States  currency. 

At  the  close  of  business  on  June  30,  1907,  8  estates  remaineti 
unsettled,  and  during  the  past  fiscal  year  40  new  estates  were  received. 
Thirty-two  estates  were  settled,  leaving  16  which  it  has  been  impossi- 
ble to  settle,  or  for  which  proper  proofs  of  heirship  have  not  been 
received.  The  money  handled  dunng  the  year  on  account  of  admin- 
istration of  estates  aggregated  $6,025.75. 

MISCELLANEOUS  COLLECnONS. 

In  addition  to  the  collection  of  Zone  revenues  this  division  collects 
for  otiier  departments  of  the  commission  various  bills  from  employees 
and  others  on  account  of  hospital  fees,  quarantine  charges,  subsist- 
ence, sales  of  material,  etc.  These  collections  duricog  the  year  aggre- 
gated $22,054.24 

The  revenues  collected  by  the  division  during  the  year  aggregated 
$231,666.87,  and  all  the  moneys  handled,  $4,946,431.84. 
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DIVISION   OF   POLICE  AND   PRISONS. 

The  chief  of  police,  in  addition  to  being  the  head  of  the  police 
force,  is  also  marshal  of  the  supreme  and  circuit  courts,  warden  of 
the  penitentiary,  and  coroner  of  the  Zone,  and  members  of  the  force 
act  as  deputy  marshals,  deputy  warden,  deputy  coroners,  etc.  In 
addition  to  police  duty  and  the  duties  indicated  by  these  titles, 
members  of  the  police  force  perform  duty  as  watchmen  of  commis- 
sion property  and  guards  at  pay  offices  and  on  pay  cars  and  passen- 
ger trains.  At  the  end  of  the  year  there  were  m  the  force  a  chief, 
1  first  lieutenant,  1  second  lieutenant,  10  sergeants,  18  corporals, 
108  first-class  policemen,  and  93  policemen.  The  policemen  are 
colored  men,  in  most  part  natives  of  the  West  Indies. 

The  increased  scale  of  salaries  which  went  into  effect  August  1, 
1907,  resulted  in  considerable  improvement  in  the  work  of  the  force, 
by  attracting  better  men  and  holding  them  longer  in  the  service. 

Six  thousand  and  seventy-five  arrests  were  made  during  the  year, 
5,723  of  males  and  352  of  females,  as  against  6,236  during  the  pre- 
ceding year.  Of  the  persons  arrested,  4,731  were  subsequently  con- 
victed, 4,633  of  misdemeanor  and  98  of  felony.  Misdemeanor  con- 
victs are  confined  in  jails  attached  to  the  various  local  police  stations. 
Felony  convicts  are  confined  in  the  penitentiary  at  Culebra.  On 
June  30,  1907,  there  were  82  felony  convicts  in  the  penitentiary. 
Seventy-two  were  discharged  during  the  past  year.  At  the  end  of 
the  year  there  were  108. 

The  penitentiary  annex  has  not  yet  been  completed,  and  conges- 
tion at  the  penitentiary  was  relieved  during  the  year  by  the  transfer 
of  a  part  of  the  convicts  to  labor  qamps,  for  work  on  the  road  under 
construction  between  Mount  Hope  and  Oatun.  Penitentiary  con- 
victs were  also  used  in  the  construction  and  repair  of  roads  and 
streets  and  other  public  works  near  Culebra.  Misdemeanor  convicts 
were^  used  wherever  possible  on  similar  work  in  the  neighborhood  of 
the  jails  where  they  were  confined.  The  value  of  the  work  done 
during  the  year  by  penitentiary  convicts,  at  10  cents  per  hour,  the 
lowest  rate  of  wages  paid  common  labor  by  the  commission,  was 
$14,856.65  United  States  currency,  while  the  cost  of  guarding,  sub- 
sisting, and  clothing  all  such  convicts  was  $20,779.78.  Very  satis- 
factory results  in  economy  and  efficiency  attended  the  use  of  pris- 
oners on  public  work. 

One  thousand  five  hundred  and  forty  writs  of  process  in  civil  cases 
were  served  during  the  year. 

One  hundred  and  forty  deaths  were  investigated  by  the  chief  of 
police  or  other  members  of  the  force,  acting  as  coroner  or  deputy 
coroners.  Of  these  34  resulted  from  drowning,  10  from  dynamite 
explosions,  and  54  from  railroad  accidents. 

DIVISION   OF   SCHOOLS. 

The  schools  opened  October  1,  1907,  with  an  enrollment  in  that 
month  of  1,365  children  j  351  in  the  white  and  1,014  in  the  colored 
schools.  In  all  2,867  children  were  enrolled  during  the  year;  721  in 
the  white  and  2^146  in  the  colored  schools.  The  highest  monthly 
enrollment  was  m  March,  when  532  children  were  enrolled  in  the 
white  schools  and  1,364  in  the  colored  schools.    Schools  were  main- 
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tained  for  white  children  at  11  places,  and  for  coloied  children  at  lo 
places.  New  school  buildings  were  completed  and  occupied  during 
the  school  year  at  Ancon,  Paraiso,  Culebra,  Empire  (2),  Las  Cascii- 
daS;  Bas  Obispo,  Gatun,  Cristobal,  and  Colon  Beach. 

DIVISION   OF   FIBE   PBOTECTIOK. 

The  work  of  this  division  includes  the  operations  of  paid  and  vol- 
unteer fire  com}>anies,  maintenance  of  electric  fire-alarm  systems, 
distribution,  inspection,  and  maintenance  of  hoee  and  fire  extin- 
guishers for  special  protection  of  commission  and  railroad  buildim:^, 
and  recommendations  respecting  construction  and  arrangement  of 
buildings  and  location  of  water  mains  and  hydrants  with  reference 
to  fire  protection. 

At  tne  beginning  of  the  year  paid  companies  existed  at  Cristobal 
and  Ancon.  During  the  year  new  paid  companies  were  organizeti 
and  installed  at  Qorgona,  Empire,  Culebra,  and  Ancon. 

Each  of  the  new  companies  consists  of  4  men  and  is  provided  vrith 
a  hose  wa^on  equipped  with  extension  ladder,  straight-roof  ladder, 
and  1 ,000  feet  or  hose.  Paid  firemen  were  stationed  during  the  year 
at  Gatun,  Las  Cascadas,  Paraiso,  and  La  Boca,  one  man  at  each 
place. 

New  volunteer  companies  were  organized  during  the  year  at  San 
Pablo,  Bas  Obispo,  and  Porto  Bello,  making  a  total,  with  the  volun- 
teer companies  which  already  existed  at  Gatim,  Tabemilla,  Groi^onn 
(2),  Gor^ona  shops,  Las  Cascadas,  Empire  (2),  Culebra  (2),  Paraiso, 
Pedro  Miguel,  Corozal,  Ancon,  and  La  &oca,  of  18,  all  provided  witli 
hose  reels  and  hose. 

All  volunteer  companies  were  drilled  regularly  twice  a  month  hv 
members  of  paid  companies  where  there  are  such  companies,  by  indf- 
viduiil  paid  nremen  where  they  are  stationed,  and  by  firemen  detailed 
from  the  Cristobal  company  at  all  other  places.  A  new  building  was 
erected  for  the  volunteers  at  Tabemilla. 

Electric  fire-alarm  systems  were  installed  during  the  year  at  Gor- 
gona,  Empire,  Culebra,  and  Ancon.  These  and  the  alarm  system  at 
Cristobal  were  inspected  and  maintained  by  the  electrician  and  fire- 
man detailed  from  the  Cristobal  company. 

Eleven  thousand  six  hundred  and  fifty-nine  feet  of  new  hose  was 
received  and  distributed  and  100  couplings  were  reset  on  damaged  of 
worn-out  hose.  Five  hundred  fire  extinguishers  were  received  and  dis- 
tributod,  making  a  total  of  1,387  in  service  at  the  end  of  the  year. 
Thirty-one  thousand  and  fifty-five  inspections  and  231  recharges  or 
fire  extinguishers  were  made.  All  camps  where  there  are  hose  con- 
nections were  provided  with  small  carts  equipped  with  hose  in  addi- 
tion to  fire  extinguishers.  All  inspections  of  nre  extinguishers^  hose, 
and  other  equipment  and  of  buildings  generally  at  places  where  there 
are  paid  companies  or  where  individual  firemen  are  stationed  were 
made  by  them.  At  other  places  inspections  were  made  by  firemen 
detailed  from  the  Cristobal  company.  General  inspections  were  made 
by  the  chief  and  assistant  chier. 

For  the  protection  of  docks  at  Cristobal  and  Colon  the  tug  Oristobul 
was  equipped  with  two  large  fire  pumps  and  a  supply  of  hose,  and  for 
the  same  purpose  at  La  Boca  the  tug  Bolivar  was  equipped  with  one 
large  pump  and  a  supply  of  hose. 
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Eighty-three  alarms  were  responded  to  during  the  year.  Twelve  of 
them  were  false  alarms,  5  were  in  Panama  territory,  and  63  were  alarms 
of  fire  in  government  property.  The  total  value  of  government  prop- 
^  erty  involved,  including  ouildings  and  their  contents,  as  reported  by 
the  fire  chief,  was  $1,097,619.46,  The  total  loss  of  government  prop- 
erty as  reported  was  $46,170.50.  Forty-five  thousand  four  hundred 
dollars  and  fifty  cents  of  the  loss  resulted  from  3  fires,  those  which 
destroyed  the  commission  hotel  at  Empire,  a  tvpe  14  house  at  Gor- 
gona,  and  the  Panama  Railroad  storehouse  at  ranama. 

The  fires  at  Empire  and  Gorgona  occurred  before  paid  companies 
were  established  at  those  places  and  were  fought  by  volunteers  in 
charge  of  one  regular  fireman.  The  fact  that  tney  were  confined  to 
the  buildings  in  which  they  originated  is  evidence  of  good  work. 

The  fire  at  Panama  occurred  within  the  limits  of  that  city  and  was 
responded  to  by  the  paid  company  at  Ancon,  who  were  greatly  handi- 
capped in  their  work  by  a  misunderstanding  with  the  Panama  volim- 
teer  firemen. 

The  avera^  government  loss  at  the  remaining  fires  was  $12.84. 
The  companies  at  Cristobal  and  Amx>n  responded  to  alarms  in  Colon 
and  Panama  and  cooperated  with  the  firemen  of  those  cities  in  pro- 
tecting property  there. 

DIVISION   OF  FUBLIO   WORKS. 

The  work  of  this  division  includes,  in  Panama  and  Colon,  the 
api>roval  of  applications  of  property  owners  for  the  connection  of 
their  premises  with  waterworks  and  sewers,  the  inspection  of  plumb- 
ing, tne  keeping  of  records  of  water  consumed  ana  preparation  and 
collection  of  biUs  therefor,  and  the  maintenance  of  water  and  sewer 
systems  and  street  paving;  in  the  Zone,  the  approval  of  applications 
of  property  owners  for  wat^  and  sewer  connections,  the  inspection  of 
plumbing,  the  keeping  of  records  of  water  consumed  and  preparation 
of  bills  therefor,  the  inspection  of  water  mains  and  connections  to 
detect  leaks  and  prevent  waste,  the  operation  of  public  markets  and 
slaughterhouses,  and  recommendations  for  the  construction  and 
repair  of  roads,  trails,  water  and  sewer  systems,  markets,  slaughter- 
houses, lishte,  and  other  pubUc  improvements.  All  original  instal- 
lation and  construction  work  in  Panama  and  Colon,  and  all  construc- 
tion and  repair  work  on  roads,  trails,  and  other  public  improvements 
in  the  Zone  is  done  by  the  department  of  construction  and  engineering. 

In  Panama  there  were,  on  June  30, 1907, 1,023  connections  with  the 
water  and  sewer  systems  and  93  applications  pending.  June  30, 1908, 
there  were  1,189  connections  and  62  ap}^cations  pending,  an  increase 
of  166  connections  during  the  year,  the  installation  of  which  was 
inspected. 

Under  the  contract  between  the  Republic  of  Panama  and  the  Canal 
Commission  effective  July  1,  1907,  tne  water  rate  in  Panama  is  30 
cents  per  1 ,000  gallons,  with  a  discoimt  of  5  cents  if  paid  within  fifteen 
days  from  the  end  of  the  quarter.  The  collections  at  this  rate  will, 
it  is  estimated,  provide  for  the  amortization  of  the  cost  of  the  water 
and  sewer  systems  and  pavine  in  fif tj  years,  as  contemplated  by  the 
canal  treaty,  together  with  uie  maintenance  and  operation  of  the 
water  and  sewer  systems  for  the  same  period  and  the  maintenance  and 
repair  of  the  pav^nents  for  ten  yearn.    The  estimated  annual  amount 
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necessary  to  meet  these  charges  is  $65,525.  The  contract  provide- 
that  Panama  shall  pay  Quarterly  the  (ufference  between  on^fourtii 
that  amount,  $16,400,  ana  the  total  quarterly  collections  from  private 
consumers,  such  payment  to  cover  the  consumption  of  water  for  pub- 
lic purposes.  Tne  total  collections  from  private  consumers  for  the 
year  were  $42^568.25,  leaving  $6,631 .75  to  be  paid  bv  Panama  to  cover 
the  consumption  of  water  from  133  fire  hydrants  and  35  public  taps,  an 
average  annual  charge  per  hydrant  and  tap  of  $39.47.  As  the  instal- 
lation of  house  connections  progressed  during  the  year,  private  con- 
sumption increased.  In  the  last  quarter  of  the  year  the  collections 
from  private  consumers  ^gregated  $16,591.75,  and  there  was  no 
charge  to  be  made  against  Panama.  About  86  per  cent  of  the  housc-s 
in  the  city  are  connected  with  water  and  sewer  mains,  practically  all 
those  not  connected  being  in  parts  of  the  city  where  sewer  mains  nave 
not  been  laid.  Estimating  tne  population  of  Panama  at  36,388,  the 
daily  per  capita  consumption  of  water  during  the  year  was  12.98  gal- 
lons.    The  average  annual  charge  per  connection  was  $51.93. 

Mains,  hvdrants,  and  valves  were  repaired,  meters  tested,  and 
once  a  week  sewers  and  catch  basins  cleaned.  Seventy  excavations 
were  made  in  pavinjg  for  new  connections  and  repairs  to  water  and 
sewer  mains,  and  minor  repairs  were  made  to  pavmg. 

In  Colon  on  June  30,  1907,  there  were  64  connections  with  the 
water  and  sewer  systems,  and  66  applications  pending.  June  30, 
1908,  there  were  318  connections,  and  53  applications  pending — an 
increase  of  254  connections  during  the  year,  the  installation  of  which 
was  inspected.  These  figures  do  not  include  the  Canal  Commission 
and  Panama  Railroad  connections. 

The  contract  for  the  collection  of  water  rates  in  Colon  is  similar 
to  that  for  Panama;  the  rate  at  Colon  being  50  cents  per  1,000  gal- 
lons with  a  discoimt  of  10  cents,  and  the  estimated  yearly  amount 
necessary  to  be  collected  being  $69,850,  or  $17,500  a  quarter.  It  is 
also  provided  in  the  contract  that  the  rate  to  oe  paid  by  the  Canal 
Commission  and  the  Panama  Railroad  for  water  consumed  in  Colon 
shall  be  30  cents  net  per  1,000  gallons. 

The  total  collections  for  water  consumed  dmring  the  year,  includ- 
ing Canal  Commission  and  Panama  Railroad  connections,  which 
amounted  to  $22,618.97,  were  $47,852.87,  leaving  $22,147.13  to  be 

Eaid  by  Panama  to  cover  the  consumption  of  water  from  74  fire 
ydrants  and  18  public  taps — an  average  annual  charge  per  hydrant 
and  tap  of  $240.73.  Private  consumption  increased  during  the  year 
imtil  the  fourth  quarter,  when  there  was  a  decrease.  About  50  per 
cent  of  the  houses  in  the  city  are  connected  with  water  and  sewer 
mains,  and  reasonable  progress  is  being  made  in  completing  con- 
nections. Estimating  the  population  of  Colon  at  14,263^  the  dailv 
per  capita  consumption  of  water  during  the  year,  exclusive  of  that 
used  by  the  commission  and  railroad  was  53  gallons.  The  avera<;re 
annual  charge  per  private  connection  was  $119.05.  Until  all  can- 
nections  are  completed  it  will  be  impossible  to  say  with  more  than 
approximate  accuracy  whether  the  present  water  rates  will  be  suffi- 
cient to  cover  the  annual  charges. 

The  conditions  in  Colon  are  so  different  from  those  in  Panama,  or 
in  any  city  in  the  United  States,  that  comparison  is  misleading  The 
water  has  to  be  pumped  into  a  standpipe,  and  the  sewage  has  to  bo 
pumped  to  a  drainage  ditch  having  tidal  gates  that  regulate  the 
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flow  into  the  sea.  This  makes  the  operation  of  the  waterworks  and 
sewer  systems  very  expensive.  The  town  is  composed  largely  of 
tenement  houses,  mled  chiefly  with  West  Indian  laborers  who  have 
never  before  had  conveniences  of  water  and  sewens,  and  are  careless 
and  wasteful  of  water.     This  makes  large  private  bills. 

The  water  and  sewer  systems  and  paving  were  taken  over  by  this 
division  for  operation  and  maintenance  September  1,  1907.  An 
additional  engme  and  pump,  taken  from  old  French  stock,  were 
installed  at  the  sewage  sump  during  the  year,  and  a  building  was 
constructed  at  the  pumping  plant  containing  an  of&ce,  wor&hop, 
storehouse,  and  quarters  for  employees  working  there.  Maintenance 
work  was  done  of  the  same  sort  as  in  Panama.  Thirty-six  excava- 
tions in  paving  were  made  for  water  and  sewer  connections  and 
repairs. 

Kegulations  and  rates  for  the  use  of  water  from  public  systems 
in  the  Zone  were  prepared  and  published  during  the  year.  There 
were  34  connections  with  the  water  systems  in  the  Zone  eJune  30, 1907, 
and  75  connections  Jime  30,  1908 — an  increase  of  41  during  the  year, 
the  installation  of  which  was  authorized  and  inspected.  Bills 
amounting  to  $2,772.37  for  water  consiuned  through  private  con- 
nections were  prepared  and  forwarded  to  the  collector  of  revenues 
for  collection. 

Considerable  saving  of  water  on  the  Zone  resulted  from  the  detec- 
tion of  leaks  and  unnecessary  waste  and  the  immediate  execution  of 
minor  repairs  by  meter  inspectors  attached  to  this  division.  The 
daily  consumption  from  the  reservoirs  was  watched,  and  when  it 
seemed  imduly  large,  the  inspectors  were  notified  and  the  cause  dis- 
covered and  removed.  Daily  reports  were  made  by  the  inspectors 
throughout  the  year. 

New  public  markets  were  constructed  during  the  year  at  Pedro 
Miguel,  raraiso,  Culebra,  Las  Cascadas,  and  Tabemilla,  making,  with 
the  markets  at  Einpire,  Oorgona,  and  Cristobal,  eight  in  operation 
during  the  year.  Public  slaughterhouses  were  operated  at  Empire 
and  Gorgona. 

Recommendations  were  made  and  advice  furnished  respecting 
other  public  improvements  in  the  Zone  paid  for  from  local  funds, 
described  elsewhere  in  this  report. 

PROSECUTING   ATTORNEY'S   OFFICE. 

The  prosecuting  attorney  has  charse  of  the  prosecution  before  the 
courts  of  offenses  against  the  penal  laws  of  the  Zone.  The  general 
civil  legal  business  of  the  commission  is  handled  imder  the  direction 
of  the  general  counsel  in  the  legal  department. 

During  the  year  information  was  nled  in  the  circuit  courts  by  the 
prosecuting  attorney  against  366  persons,  resulting  in  192  convic- 
tions. 

CANAL  ZONE    FUNDS. 

By  the  act  of  March  4, 1907,  the  use  of  Zone  revenues  is  authorized 
for  the  payment  of  miscellaneous  and  contingent  expenses  of  the 
Zone  government,  the  construction,  maintenance,  and  operation  ot 
public  works  ana  public  improvements,  the  maintenance  of  the 
public  schools,  and,  so  far  as  postal  revenues  go,  the  maintenance 
of  the  postal  service. 
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The  act  of  May  27, 1908,  extended  the  we.of  Zone  fevenues  to  the 
maintenance  of  the  administrative  districts  of  the  Zone,  inciudin? 
the  payment  of  salaries  and  wages  of  tax  collectors,  inspectors,  dLs- 
trict  judges,  etc.,  the  maintenance  of  pauper  sick  of  the  Zone  in 
the  hospitals  of  the  Canal  Conmiission,  and  the  muntenance  df  mis- 
demeanor pris<Miers  serving  sentence  in  the  jails  of  the  Zone. 

At  the  beginning  of  the  fiscal  year  there  was  $144,358.09  on  tuund 
in  the  Zone  treasury;  $283,906.17  was  collected  durii^  the  year  and 
S183,501.95  was  expended,  leaving  a  balance  on  ha&a  at  the  end  of 
the  year  of  $244,762.31. 

Oi  the  amount  expended  during  the  year  $47^175.03  was  for 
public  works  and  improTemtents  in  the  Zone,  includmg  constraction 
and  maintenance  of  streets,  roads,  trails,  and  bridges,  the  construe* 
tion,  maintenance,  and  operation  of  markets  and  slau^terhouses, 
the  construction  of  waterworks  and  sewers  in  native  villages,  gar- 
bage and  night-soil  removal,  drainage  and  street  cleaning;  S&,749.47 
was  expended  for  the  maintenance  of  public  schools;  9^,673.21  wias 
expended  toward  the  maintenance  of  the  postal  servioe,  and  S904.24 
was  expended  to  cover  miscellaneous  ana  contingent  expenses.  It 
is  probable  that,  upon  the  &ial  adiustm^it  of  accounts  for  the  vear 
between  the  Canal  Commission  ana  the  Zone  government,  it  will  be 
found  that  additional  expenditures  are  properly  chargeable  against 
Zone  revenues  and  that  the  balance  shown  on  hand  at  the  txyi  of 
the  fiscal  year  will  be  reduced. 

It  is  estimated  that  the  revenues  of  the  Zone  during  the  current 
fiscal  year,  exclusive  of  postal  receipts,  will  aggr^ate  approximately 
$235,000.    This  amount  will  be  expended  approxmiatety  as  follows : 

Maintenance  of  schools $96, 1^ 

Expenses  of  district  courts 12,  S-V) 

Expenses  of  offic^ee  of  district  tax  collectors -  22,  ^X> 

Maintenance  of  pauper  sick  in  commiasion  ho^itate 5^  47o 

Maintenance  of  misdemeanor  prisoners 18,  00(> 

Maintenance  of  markets  and  slaughterhouses S,  6<iO 

Construction,  repair,  maintenance,  and  operatton  of  roads,  trails,  bridges, 
waters  or ks  and  sewers,  night-soil  and  garbage  removal  aod  street  clsaaiQg 

in  native  villages,  and  other  miscellaneous  public  worksand  improveoMiila .  66.  615 

Miscellaneous  and  contingent  expenses 10, 000 

Total 23$,  000 

It  is  estimated  that  the  postal  revenues  during  the  current  fiscal 
year  will  aggregate  approximately  $90,000.  They  will  be  applied 
toward  the  maintenance  of  the  postal  service. 

COURTS. 

The  supreme  court  held  17  sessions  during  the  year.  It  confimied 
the  decision  of  the  circuit  court  in  2  criminal  and  4  civil  oases,  reversed 
the  decision  in  1  criminal  and  2  civil  cases,  and  dismissed  1  crinuual 
and  1  civil  case. 

In  the  circuit  courts  criminal  cases  were  filed  against  366  persons 
(192  of  whom  were  convicted  and  56  acquitted).  Caaes  against  94 
persons  were  dismissed  and  against  24  perscms  were  pending  at  the 
end  of  the  year.  Twenty-nine  civil  cases  were  pending  at  the  begin- 
ning of  the*^  year,  82  were  filed  during  the  year,  65  were  dispoaed  of 
during  the  year,  and  46  were  pending  at  toe  eod  of  the  year. 
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In  the  district  courts  criminal  cases  against  5  J76  pereons  were 
filed  (4,413  persons  were  convicted,  310  committed  for  action  by  the 
circuit  courts,  736  acquitted,  292  discharged,  and  cases  against  25 
persons  were  pending  at  the  end  of  the  ^rear).  Four  hundred  and 
thirty-three  civil  cases  were  filed,  of  which  419  were  disposed  of 
and  14  were  j>ending  at  the  end  of  the  year. 

Attention  is  called  to  the  statements  attached  as  appendices  to 
this  report,  which  indicate  in  detail  the  business  transacted  through- 
out the  department. 

Very  respectfully, 

Jo.  C.  S.  Blaokbttbn, 
Head  of  Department  of  OwH  Administration. 

Ideut.  Col.  Geo.  W.  Goethals, 

Oorpsof  Engineers,  U.  8.  -Army, 
Omirman  wnd  Ohi^  Enmneer^ 

Isthmian  Oanal  Uommission, 
Oidebrat  Oanal  Zone. 
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CIVIL  ADIONISZ&ATIOH. 

Appendix  1. 

Table  1. — Statement  <rf  sale  of  Buichaiged  Panama  postage  stamps. 

Table  2. — Statement  of  regiefltiy  business. 

Table  3. — Statement  of  mail  dispatched  to  foreign  ports  and  quantity  of  mail 
handled  by  railway  mail  messengers. 

Table  4. — Statement  of  money  ordo'  busineflB. 

Table  5. — Statement  of  customs  operations. 

Table  6. — Consolidated  statement  of  general  taxes  and  licenses  collected. 

Table  7. — Classified  statement  of  gei^ral  taxes  and  licenses  by  administrative  dis- 
tricts. 

Appbndix  2. 

Table  8. — Statement  of  charges  against  persons  arrested. 

Table  9. — Statement  showing  the  nationality  of  persons  arrested. 

Table  10. — Statement  of  crimes  committed  by  ^rsons  confined  in  the  penitentiary. 

Table  11. — Statement  showing  occupation  of  prisoners  confined  in  the  penitentiary-. 

Table  12. — Statement  showing  the  nationahty  of  prisoners  confined  in  the  pen- 
itentiary. 

Table  13. — Statement  showing  causes  of  deaths  investigated  by  the  coroner. 

Table  14. — Statement  showing  the  nationality  of  persons  whose  deaths  were  inves- 
tigated by  the  coroner. 

Appendix  3. 

Table  15. — Statement  showing  enrollment  in  the  public  schools  by  towns. 
Table  16. — Statement  showing  enrollment  and  average  daily  attendance  in  white 
and  colored  schools. 
Table  17. — Statement  showing  enrollment  in  the  public  schools  by  ages. 
Table  18. — Statement  showing  enrollment  in  the  public  schools  by  ^ades. 

Appendix  4. 

Table  19. — Statement  showing  consumption  of  water,  collections  made,  and  bills 
outstanding  for  water  rents,  in  the  city  of  Panama. 

Table  20. — Statement  showine  consumption  ot  water,  collections  made,  and  bilb 
outstanding  for  water  rents,  in  tne  city  of  Colon. 

Appendix  5. 

Table  21. — Statement  showing  receipts  and  disbursements  by  appropiiatioiia  of 

Canal  Zone  funds. 

Appendix  6. 

Table  22. — Statement  of  business  transacted  in  the  supreme  court  of  the  Canal 
Zone. 

Table  23. — Statement  of  business  transacted  in  the  first  circuit  court. 

Table  24. — Statement  of  business  transacted  in  the  second  circuit  court. 

Table  25. — Statement  of  business  transacted  in  the  third  circuit  court. 

Table  26. — Statement  of  business  transacted  in  the  district  oourt  of  the  district  of 
Ancon. 

Table  27. — Statement  of  business  transacted  in  the  district  court  ol  the  district  of 
Empire. 

Table  28. — Statement  of  business  transacted  in  the  distiict  court  of  the  district  of 
Gorgt)na. 

Table  29.~Sutement  of  business  transacted  in  the  district  court  of  the  district  of 
Cristobal. 
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Appendix  1. — Dbpabthbnt  of  Revenues. 
Table  1. — Sale  of  pottage  stamps  by  months  during  the  fiscal  year  ended  June  30, 1908, 


Month. 


1907. 

July 

Aogost 

September 

October 

November 

December 

1906. 

January 

February 


Value. 


$4,992.11 
6,031.22 
5,126.30 
6,90125 
5,824.02 
7,271.00 


6.701.00 
6,111.05 


liontb. 


1908— Continued. 

liaroh 

April 

May 

June 

June  (second-daM  pottage) 

ToUl 


Value. 


96,331.90 

6,299.13 

5,416.40 

5,699.60 

.87 


72,709.54 


Table  2.  —Letters  and  parcels  registered  by  offices  during  the  fiscal  year  ended  June  30  j  1908, 


Name  of  post-ofBoe. 

Domestic 

letters 
registered. 

Domestic 

parcels 

registered. 

Foreign 

letters 

registered. 

Foreign 

parcels 

registered. 

Official 

registered 

free. 

Distribu- 
tion re- 
registered 
free. 

Total. 

Ancon 

2,506 

1,196 

600 

202 

5,638 

2,265 

405 

3.190 

1.123 

2,291 

1,160 

1,256 

175 

1,097 

2,672 

334 

614 

826 
160 
134 

14 

1,055 

509 

56 
766 
204 
627 
240 
171 

13 
326 
324 

69 
113 

5,634 

248 
1,295 

908 
8,221 
3,820 

733 
5.781 
2,861 
8,974 
1,802 
1,792 

466 
1,884 
2.218 
1,060 
1,124 

200 

87 

11 

5 

118 

157 

46 

126 

75 

47 

20 

58 

6 

18 

80 

5 

9 

9,378 
6,066 
2,929 

467 
6,374 
2,845 
1,907 
16,313 
4,163 
2,289 

683 
2,766 

519 
2.339 
2,102 
1,843 
1,427 

103 

117 

85 

7 

186 

286 

55 

291 

98 

69 

121 

87 

26 

89 

18 

81 

51 

18,647 
7,874 
5,054 
1.023 

Ancon.  Station  A.. 

BasObiBpo 

Bohlo 

Cristobal 

21,fi02 
9,852 
3,202 

26.407 

Culebra 

Corozal 

Empire 

Qatun 

8,524 

Gofgona 

9,197 

LasCaacadas 

La  Boca 

3,932 
6,130 

Matachin 

1,205 

Paraiso 

5,253 

Pedro  Miguel 

San  Pablo 

7,414 
3,382 

Tabemllla 

3,341 

Total 

26,784 

5,513 

42,671 

1,008 

64,310 

1,743 

142,089 

Table  S.^^ Number  of  dispatches  of  maUfrom  the  exchange  office  at  Cristobal,  and  num- 
ber of  pouches,  sacks,  and  registered  sacks  handled  by  the  railway  mail  messengers  by 
months  during  fiscal  year  ended  June  30, 1908. 


Montb. 


1907. 

July 

August 

Septem  ber 

October 

November 

December 

1908 

January 

February 

March 

April 

May 

June 

Total 


Pouches. 


3.484 
3,664 
3.675 
4,374 
3,894 
3.896 


3,895 
4,516 
4,126 
3,224 
4.544 
4,828 


),110 


Sacks. 


707 

907 

923 

1,160 

1,492 

1,280 


1,065 
916 
944 
911 
930 
782 


12,017 


Regis- 
tered 
sacks. 


158 
211 
208 

250 
234 
275 


261 
233 
169 
175 
184 
178 


2,536 


Total. 


4,349 
4,772 
4,806 
6,784 
5.620 
5,451 


5,221 
5,666 
5,230 
4,310 
5,668 
5,788 


02,663 


Dis- 
patches. 


66 
61 
50 
109 
65 
72 


66 
67 
86 
73 
67 
47 


838 
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Table  4. — Money^order  Imtmeu  &y  momUm  dunii^  the  JUed  ffmr  ended  June  SO,  290S 


Month. 


1907. 

Jniy 

Augoflit 

September 

October 

Noveiii1)er 

December 

1906. 

January 

February 

March 

April 

May 

June 

Total 


Number 

of  orders 

issued. 


11,566 
9,518 
ll.lOB 
11,380 
12,008 
13,960 


13,451 
13,395 
14,206 
14,673 
13,425 
14,169 


153,457 


Amount  of  money-oMers  loniefL 


Ob  United 
8tat«8.a 


1281,131.16 
241,006.40 
254,035.31 
276,303.88 
287,235.96 
306,438.00 


301,491.34 
289,947.77 
306,666.63 
320,406.58 
285,645.07 
308,448.15 


3,460,755.25 


On  Canal 
Zone. 


000,738.68 
70,90L95 
78,272.64 
75,683.75 
04,325.24 
99,876.29 


120,407.91 
128,79L80 
123,77a  53 
125,573.90 
U7,46S.07 
118,173.97 


1,225,929.73 


Amount. 


1347,809.64 
811,906.36 
832,307.96 
851,937.«3 
361,601.20 
408,314.20 


427,690.25 
418,739.57 
430,437.16 
445,979.46 
408,108.14 
420,022.12 


4,660,064.96 


01,444.  «4 
1,256.02 
1,377. 7M 
1,442.32 
1,579.04 
1,705.82 


1,73^19 

i,7iai*5 

1,782.15 
1,846.05 
lyOon.  3l) 
1,750.97 


10,300. 14 


•  Indudes  forslgB  OMMMy-orten. 

Avera^  amount  per  money-order,  $30.54. 

Money  orders  paid  and  repaid  by  moniht  during  tbe  fiscal  year  ended  June  30^  1908. 


Month. 


1907. 

Jifly 

August 

September 

October 

November 

December 


Amount. 


170,043.24 
58.090.02 

•  58,259.39 
09,289.36 
05,497.04 
91,433.53 


Month. 


1906. 

January 

Februaiy 

Man^.... 

April.. 

May 

June 

Total  amount  Inoed 


S75,796l49 
81,744.79 
107,330.67 
124,3S8.04 
123,313.33 
125,043.02 


1,061,129.42 


Table  5. — Customs  operatione  during  fiscal  year  ended  June  SO,  1908, 

VESSELS  ENTERED  AND  CLEARED  AT  THE  PORT  OF  ANOOK. 


American  . 
Do.... 

British 

Chilean 

German. .. 
Norwegian. 
Italian 


Total. 


Nationality. 


Clan. 


Steam. 
Sail... 
Steam. 
...do.. 
...do.. 
...do.. 
...do... 


Entered. 


Number. 


64 

1 

65 

27 

20 

4 

1 


182 


Tonnage. 


141,476 
020 

»,aoo 

45,881 

^,513 

9,094 

2.700 


352,390 


Number. 


63 

1 

64 

28 

20 

4 

1 


181 


Toonac^. 


138,973 

630 
93,693 
51,091 
56..Sia 

2,700 


302, 4S4 


Number  of  vessels  In  i>ort  from  last  year 4 

Tonnage  in  port  from  last  year 7,747 


Number  of  vessels  remaining  in  port  at  end  of  year 
Tonnage  remaining  in  port. .. 
Services  to  American  seamen: 

Seamen  discharged 

Seamen  shipped 

Seamen  desi^rted 

Seamen  deceased 


5 
7,063 

140 

142 

76 

0 
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KoveoBfiDi  M  PMMI19RB  and 

Cargo  arriving,  In  transit... 7. tans..  125,132 

Cargo  departing,  in  transit do —  196,685 

Cargo  arnving,  local do —  10,321 

Cargo  departing,  local do —  167 

Passengers  arriving: 

Cabin 3,099 

Steerage 2,805 

Passengeia  departing: 

Cabin 2,861 

Steerage 2,004 

Services  to  Chinese: 

Chinese  arriving 284 

Chinese  transferred  to  other  ships 34 

Chinese  retu  med  to  port  of  embarkation 4 


VESSELS  ENTERED  AND  CLEARED  AT  THE  PORT  OF  CRISTOBAL. 


NationaBty. 


American.... 

Do 

British 

Do 

German 

Do 

Norwegian... 
Panamanian. 

Swedish 

Colombian.. 


Total. 


Class. 


Steam 

62 

Sail 

1 

Steam 

73 

Sail 

8 

Steam 

4 

Sail 

1 

Steam 

68 

SaU 

4 

Steam 

1 

SaU 

8 

Entered. 


Number. 


230 


Tonnage. 


171,279 

305 

141,286 

2,105 

6,101 

416 

132,378 

117 

1,194 

122 


Cteaied. 


455,273 


Number. 


1 
74 
9 
4 
1 
69 
4 
1 
8 


233 


Tonnagai 


172,416 
306 

140,526 

2,477 

6,101 

416 

134,207 

117 

1,194 

122 


468,080 


Number  of  vessels  in  port  from  last  year 5 

Tonnage  in  port  from  last  year 7,874 

(^mt>er  of  vessels  remaining  in  port  at  end  of  year 2 

Tonnage  remaining  in  port 4,597 

Serrloe  to  American  seamen: 

Seamen  discharged 60 

Seamen  shippea. 114 

Seamen  deserted 31 

Seamen  deceased 2 

Movement  of  passengers  and  cargo: 

Cargo  arriving,  In  transit tons. .  51,661 

Cargo  departing.  In  transit do 40,448 

Cargo  arriving, local do 611,141 

Cargo  departing,  local do 16,658 

Passengers  arriving: 

Catin 5,688 

Steerage 786 

Passengers  departing: 

Cabin 4,664 

Steerage 1,112 

Table  6.—Genaral  taxes  and  lieenseM  eolleetedy  by  TnorUhs^  during  the  fiscal  year  ended 

June  30, 1908, 


Month. 


1907. 
Jiily 

August 

September 

October 

November 

December 


Taxes  and 
licenses* 


16^772.69 
5,063.29 
6,161.15 
6,707.61 
4,743.64 
6,136i03 


Month. 


1906. 

January. 

February 

March 

AprU 

May 

June 

Total 


Taxes  and 
licenses. 


16,164  64 
6»72LS1 
8,]Sa67 
6,887.74 
6,4U.51 

13, 56&  49 


77,467.47 
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Table  A.'—' M^/'^nf^/rder  biuirycu  by  montha  du.iho  iht  j>-iW'  yj'  ', 


N-i«ni»»r 


/H*       11.-^'.  $>:  ;.  1  '».  $.v.  :  .^  »;k  kt.S' •  -«  *     *•   »-• 

A  .' .*t    {<.:.;-  .J.   ••  V'        :    •     ^'  r;:','^' 

.-^   -.'r^r i:.i^  j',4     •    .        :s. .7^.(4  .;^r.:r.  ~  ■»• 

''' ♦    '^r 11  ..'i'  r  .:yA^  ^^        ::**s::  j:;:.?:               »  w 

>• ,     .'.•»T u '..^  >:._.■  ••I  tM..>.'..  J4  •^'.^!                «    ■ - 

l>K»*...'i^i lo..M^  .  oijo, 4oi>. «JU           »JM  -nTo.  J*^  »»i  .o^  5    •"  • 

I'.r  .^ry 13.4.:i  ?M. 401*4  iJti.iO:.'.!  -U:  .V.-'   '- 

F'--  .'.-dry l.i  ./.i  L'-<  ».947.77  .       l_.n.:ji-"  41     ':  '                 ' 

M.."f. 14.:-*,  ./.•,."■'■. u-;  ^J.^  TTu '..  i'v   '."              ■•    * 

If-/ 1.V.4J.".  >'..64io7  :.;   ■    ■:  *:•.:• «  '■•  • 

I's:.^, u.K/.j  o«.^.ii>.:5  ns,ii\i'.«  t^- .- .   _        I  • 

TotAl l.>i.4:;7     .'..^*i.7b.x2:i  'l  22b,j2d': .  I,..    ,'M  *►*  • 

I 

Av*ra|f«»  amonnt  p*»r  rT5orify-<^»M«  r.  l-io.M. 
Mf/ney  orderg  fxti/i  and  rejutid  bu  nionlKH  during  tin  Jlscal  yiiu  (\1kJ  J '•■>.•■  -"    .'"'" 


Month.  Aiuoiuit.  M.-ctli  A:* 'W 


isr)7.  LAM». 

Jfjlv $7n  (>j.^  21  Junuan' 

A..t'Ht .\s  (»'*.i  u.'  FebrutV'- 

rv  {i''-/;iri"r •->  J  V ».♦»■•  Mnfrh *         ■» 

OM/.'-^-r t/*  jvj  .v;  1  April * 

Nos.«rr.vr '«'<  v*'>  '•}  M  ly '        * 

lJtt:t'U\\M-T {i\  J.;.<  V^  "  Jniic 


» 


Total  amotiBt  UBu   i 


Table  o.  -  Cmtorns  optraf ions  during  P.!^mhtfftrrf^*tyf  Um-^ 

VKSSKI^'?  KNTKIU:i)  AND  CLP.  VKKI^  AT  IWV.  PORT    oj    .'.:    MW. 


Nation 'ill  I  y. 


I  > 
j. , 

Amiric^n S'oiiiu ' 


'Number     Tonii  lice.  N»r 


t 


V)(j S:ul 

IJrit  I  -h Stfiiii... 

f*' ill  .in (io 

(J'Mii.in dy 

Nor  .vi;j'.iaii do. . .. 

Itaiitiii do 


■| 


■  f 


Rt 

141  4>r. 

1 

t)2».' 

♦i  . 

*•« . .  ;.i  h. 

27  ■ 

4-.    vmI 

20 

»*  ' 

4 

»l      >• 

1 

^        1      ^ 

Total 1**2 


N'lnilx'F  of  vp«v».|s  In  |»ort  from  la:-t  year 

'I  oTiiiut-^e  in  i>ort  frwin  Iv-T  >»  tr 

NiiiijU;r  ol  ^»'S''I<  nrri  i.niiij^  m  port  at  vnd  of  yi'ur, 

ToTiiJUi^ci  rf'iDai'on'.;  m  pori    

S<TVic«->  to  AimTifan  -inirnon: 

iS«':4jnMt  'l.M  liiiJii«".<i 

SCmMiCI]  -*[![  ]<<•  1 

K«:iinieii  iXvM'i  r<'(l 

Scaiueu  (Icctuocd 
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Appendix  2.— Criminal  Statistics— Continued. 

'  » » -  ^:  8.     Charcjfs  against  persons  arrested  during  the  fiscal  year  ended  June  SO,  1908— 

Continued. 


\i 


«   •! 


<-  'uir«t>. 


"■.Mt 


"  r 

•  r,. . 


■.  •.'-or(iorlv. 


I    !.<si  ,v  hms  cohalti- 


'iti'iii-^.Mi'icd) 


!•» 


1      ^  1. 


'  it'l'.-n ! 

.     I 

'■•t  ''Mt      Kill-   I 
rxhlhl- 


'  t  > 


"■  '  ■  ■'  r  ..1.!  f  r}.('k>. 


Male. 


112 
127 

I 

4o 
■>'i 
37 
17 
1 

1  '. 

r-H4 
i>.i 

1  ; 

v>  I 

51  I 
01  , 
14 

1  ' 

H 


Fe- 
male. 


an 


f   1 


Total. 


Charge. 


.)  I 


6  I 


9 
3 


49 
'2 
2 


S 


17  1 


1 

m'A 

164 
I 

131 

53 

63 

14 

1 

8 

46 


112  ,    Perjury 

132  II  pptit  larceny 

Practicing  medicine  withoat 

8  11      license 

40   1  Prostitution 

29  il  Public  nuisance 

43  A  Uapc^ 

Ile<viving  bribe 

Receiving  stolen  property  — 

Refusing  to  assist  offloer 

Resisting  arrest 

Robbery 

Sed  iiction 

Slander 

}  stowaway  aboard  Bhlp 

I  Threats  to  commit  a  crime. . 

Trespass 

Vagrancy 

Violating  building  ordinance 

Violating  liquor  regulatlona. 

Violating  lottery  law 

Violating  quarantine  law 

Violating  sanitary  regula- 
tions  

Violating  tax  ordinance 

Violating  water  law 


Male. 


5 
286 

6 


Total. 


Fe- 
male. 


8 
5 
1 

18 
1 

12 
7 
3 
1 
2 

18 

342 

234 

8 

31 
4 
1 

614 

111 

10 


6,723 


»*.    r.     '.t 


16 

"7 


Total. 


1 
8 


4 

1 


36 
2 


352 


3a 


1 
1 


1 

3£ 
2! 

] 
i 


6J 
1] 


6,(r 


A'//?o,/r;/,.v  of  />fr.so?j.s  arrested  dunng  the  fiscal  year  ended  June  SO, 


im 


f^'ninf  rv. 


Nuinljer. 


2 
1 

120 

2 

5 

10 

i.i:j2 

^ 
3 
1 
1 
5 
7 

65 
87 
310 
15 
24 
23 
6 
18 
2 
1 
2 
7 
1 
75 
4 
36 
79 
55 
1 
57 
42 
115 
1 
14 
6 
3 


Country. 


India 

Ireland 

Italy 

Jamaica 

Japan 

Liberia 

Martinique... 

Mexico 

Montserrat.. 

Nassau 

Nevis 

Nicaragua... 

Norway , 

Panama 

Peru 

Porto  Rico... 

Portugal 

Roumania 

Russia. 

San  Salvador. 

Scotland 

Spain 

St.  Croix 

St.  Kitts 

St.  Lucia 

St.  Martin 

St.  Thomaa... 
St.  Vincent... 

Sweden 

Switzerland.. 

Syria 

Trinidad , 

Turkey 

Turk  Islands.. 
United  StotM. 

Venezuela 

Wales 


Numbe 


3! 


Total. 


2( 


] 

2 
77 

3 
18 


1 
1 

2 

13 

li 

66i 
1( 

] 


270 


BEPOBT  ISTHMIAN  CANAL  COMMISSION. 


Tablb  7. — Oenertd  taxe$  and  Zioemet,  6y  adminiMirative  ditirida,  eoUeeUd  during  the 

fiteal  year  ended  June  30, 1908. 


Aerated-watera  lioenaes 

Billiard  licenses 

Bowling-alley  licenses 

Boarding-house  licenses 

Cbarcoalpermits 

Cab  and  coach  licenses 

Cart  licenses 

Conflscated-property  sales 

Cocoanut  sales 

Dance,  public,  permits 

Dog  licenses. 

Drug  tax. 

Firearm  permits 

Firewood  permits. 

Fortune-teller  license. 

Hotel  licenses 

Huckster  licenses 

Imported-meat  tax 

Lime  and  shell  permits. 

Merchandise  tax 

Miscellaneous  collections. 

Palmistry  licenses. 

Peddling  licenses. 

Poll  tax 

Pound  fees 

Property,  public,  sales 

Public  entertainment  licenses. 

Real  estate  tax. 

Restaurant  and  lunch-counter  licenses 

Market  rentals 

Water  rents 

Slaughter  tax 

Tobacco  tax. 


Total 


Dlstrlet. 


Anoon. 


1864.00 


SaTO 


2L00 


LOO 
43.25 


4&00 

4ia45 

2a  00 

1,65a  50 

LOO 


647.50 

i,3iaoo 


2a  00 

4,58&92 
19&00 
96.00 
644.10 
110.50 
77a  00 


11,81&92 


CrlftobaL 


tl,ll&40 


22.00 

5.40 

563L76 

12a  80 

17.00 
17&50 

aaoo 

28.50 
12.20 
14.00 


LOO 


56.80 
104.18 


70L55 

16.00 

2L00 

1,996.00 

79a  60 

12150 

72.50 

66.00 

1,86L06 

252.00 

2,096.60 

172.40 

1,54a  50 

1,247.80 


12,074.01 


EmpiiB. 


82, 85a  80 
14a  00 

7a  00 

12.00 

3Ba92 

L25 

126.20 


212.50 

166.50 

43.50 

22.00 

52.25 


aoo 
gaoo 

395.90 


5,10L78 

106.06 

2.00 

3, 33a  50 

65140 

100 


27a  00 
4,666.50 

613.80 
2,035.64 
1,33a  90 
7,05100 
3, 48a  00 


84.155.40 


OOTgOOA. 


S2.067.80 
36.00 


TotaL 


LOO 
57.00 


2L2D 
16.05 


5.00 

106.00 

ILOO 


aoo 


ia40 

7.82 


4,50a90 
41L90 


1,845.00 
406.00 


aoo 

325.00 

9ia70 

29a  90 

1,566.00 

61&97 

3,82&00 

2.196.80 


19,319.14 


fS,68aOP 

17»x0n 
7a  <X* 
35.  dj 

61\ft! 

3a  as 

175.  .tO 

247. » 

382.  OU 

66.70 

37.00 

1.(1) 

9.00 

23a  20 

1.008.  OO 

3a  00 

11,«57.  73 
531% 

HjO 
7,219-00 

3,172.a» 
128.50 

75.5C» 

i2,oiaa) 

1.351.70 
5, 734-  24 
2,772.:<7 

13,449.00 
7,e96.40 


77,467.47 


Appendix  2. — Criminal  Statistics. 
Table  S.— Charges  against  persons  arrested  during  the  fiscal  year  ended  June  SO,  l9(tS. 


Charge. 


Abduction 

Accessory  to  rape 

Adultery 

Allowing  animals  at  large — 

Arson 

Assault 

Assault  and  battory 

Assaulting  an  ofliccr 

Assault  with  deadly  weapon  . 

Attempt  at  burglary 

Attempt  at  rape 

Attempt  to  assault  with 
dcjidly  weapon 

Attempt  to  commit  burglary  . 

Attempt  to  commit  crime 
against  nature 

Attempt  to  defraud 

Attempt  to  kill 

Attempt  to  pass  forged  in- 
stnimcnt 

Attempt  to  receive  money 
under  false  pretenses 

Attempt  to  suborn  witnesses. 

Battery 

Bigamy 

Bringing  stolen  property  Into 
Zone  territory 

Burjjlary 

Buyuig  stolen  goods 

Carrying  firearms  without  li- 
cense  


Male. 


6 

11 

1 

365 

184 

1 

24 

3 

4 

2 
2 

1 
4 
4 


2 
1 
5 
1 

1 

29 
2 

17 


Fe- 
male. 


25 
6 


Total. 


1 
1 

11 

11 

1 

390 

189 

1 

24 

3 

4 

2 
2 

1 
4 
4 


2 
1 
5 
1 

1 

29 

2 

17 


Chafge. 


Conoealed  weapons 

Conducting  dieorderly  houae . 
Conducting  gambling  houae. . 
Conducting     pubUo     danoe 

without  uoenBe 

Conapiraoy 

Contempt  of  court 

Crime  against  nature 

Crimbial  libel 

Cruelty  to  animals. 

Cruelty  to  children 

Defrauding    United    States 

Oovemment 

Deportation 

Desertion  from  ship 

Desertion  from  U.  S.  Martne 

Corps 

Destrojring  public  property .. 

Discharging  firearms 

Disorderly  conduct 

Disturbing  the  peace 

Embezzlement 

Escaping  from  jail 

Extortion 

Extradition 

False  imprisonment 

False  representation 

False  weights 

Fighting 

Forgery 

Fraud 


Male. 

Fe- 
male. 

59 

5 

4 

1 

2 

9 

36 

7 

2 

23 

8 

3 

1 

12 

1 

4 

10 

1 

8 

1 

1,114 

92 

286 

46 

SO 

1 
2 

1 

••»•*• 

12 

1 

7 

1 

148 

7 

12 

84 

i 

Total. 


59 
V 
1 


9 
795 

7 

2 
23 

6 

1 
13 

4 

10 

1 

9 

I,2ri6 

332 

51 

1 

2 

12 

1 

7 

1 

!.■« 

12 

55 
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Appbndiz  2. — Obhonal  STiLTisncs — Continued. 

Table  8. — Charges  agaifiH  penons  arrested  during  the  fiscal  year  ended  June  30, 1908 — 

Continued. 


Charge. 


Gambling 

Grand  laroenv 

Homicide  (other  than  mur- 

der) 

Inciting  riot 


Indecent  exposure 

insanity 

Interfering  with  an  officer 

Interfering  with  prisoner 

Interfering  withuni ted  States 
mails 

Intoxicated  and  disorderly... 

Intoxication 

Kidnaping 

Lewd  ana  lascivioas  cohabi- 
tation  

Malicious  mischief 

Miscellaneous  (unclasstfted) .. 

Murder 

Nonsupport  of  children 

Nonsupport  of  wife 

Obscene  and  indecent  Ian* 

fuage 
scene   literature,   exhibi- 
tion of,  for  sale 

Obstructing  railroad  tracks. . 
Obtaining  money  under  false 
pretenses 


Male. 

Fe- 
male. 

Total. 

112 

112 

137 

5 

132 

8 

8 

40 

40 

29 

29 

37 

6 

43 

17 

17 

1 

1 

1 

1 

684 

9 

693 

161 

8 

164 

1 

1 

82 

49 

131 

51 

2 

53 

61 

2 

63 

14 

14 

1 

1 

8 

8 

38 

8 

46 

1 

1 

1 

1 

7 

7 

Charge. 


Periury 

Petit  larceny 

Practicing  medicine  without 

license 

Prostitution 

Public  nuisance 

Rape.« 

Receiving  bribe 

Receiving  stolen  property . . . . 

Refusing  to  assist  omoer 

Resisting  arrest 

Robbery 

Sed  uction 

Slander , 

Stowaway  aboard  ship , 

Threats  to  commit  a  crime. . . 

Trespass , 

Vsgrancy , 

Violating  building  ordinance. 
Violating  liquor  regulations. . 

Violating  lottery  law 

Violating  quarantine  law 

Violating    sanitary    regular 

tlons. , 

Violating  tax  ordinance , 

Violating  water  law , 


Male. 


Total. 


5 
286 


3 
5 
1 

18 
1 

12 
7 
3 
1 
2 

18 

342 

234 

8 

31 
4 
1 

614 

111 

10 


5,723 


Fe- 
male. 


16 

"7 


1 
8 


4 

1 


36 
2 


352 


Total. 


5 
302 

6 
7 
3 
5 
1 

13 
1 

12 
7 
3 
2 
2 

19 
350 
234 

12 

32 
4 
1 

650 

118 

10 


6,075 


Table  9. — Naiicmality  of  persons  arrested  dvring  the  fiscal  year  ended  June  SO,  1908. 


Country. 


Abyssinia. 

Algeria 

Antigua 

Argentina 

Australia 

Austria 

Barbados. 

Belgium 

Bermuda 

Bohemia. 

Brazil 

British  Guiana 

Canada 

Chile. 

China 

Colombia 

Costa  Rica 

Cuba 

Demarara 

Denmark 

Dominica 

Dutch  Guiana 

Dutch  West  Indies... 

East  Indies. 

Ecuador 

England ! 

Finland 

Fortune  Island 

France. 

Germany 

German  South  Africa. 

Greece 

Grenada 

Guadaloupe 

Guatemala 

Haiti 

Holland 

Honduras 


Number. 


2 

1 

120 

2 

6 

10 

1,132 

2 

3 

I 

1 

5 

7 

65 

87 

310 

15 

24 

23 

6 

18 

2 

1 

2 

7 

1 

75 
4 

36 

79 

56 

1 

87 

42 

115 

1 

14 
5 
8 


Country. 


India 

Ireland 

lUly 

Jamaica 

Japan 

Liberia 

Martinique. . . 

Mexico. 

Montserrat... 

Nassau 

Nevis 

Nicaragua 

Norway 

Panama 

Pera 

Porto  Rico... 

Portugal 

Roumania 

Russia. 

San  Salvador. 

Scotland 

Spain 

St.  Croix 

St.  Kitts 

St.  Lucia 

St.  Martin.... 
St.  Thomas... 
St.  Vincent... 

Sweden 

Bwltierland.. 

Syria 

Trinidad 

Turkey 

Turk  Islands. 
United  States 
Venezuela.... 
Wales 

Total... 


Number. 


5 

43 

132 

939 

2 

1 

327 

20 

17 

0 

4 

6 

16 

266 

34 

5 
10 

1 
12 

7 

22 

775 

1 

30 
181 

1 

1 

14 
15 

2 

28 

124 

18 

1 

650 

16 

1 


6,075 
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Tablb  10. — Crima  commtlei  hf  ptitontn  tm^mtd  it^  <ie  pmdkmtkry  Jtine  30,  /pf'tf. 


CrinM. 


Adultery 

Anftult  with  dMdly  wwpon 

Assault  with  Intent  to  kill 

Attempt   to  commit  crime  againat 

nature 

Burglary 

Conspiracy 

Crime  axamst  natum. 

EmbezJcTement 

FoiKery 

Qxandlaroeny 


Nombei. 


Horse  itealipg. 

lATOMiy 

MnrdeitaiAnt 
Murder  In  aoqond 
Obttnvjting  ratiroad  tracks. 
Faasinf  foifad  pay  noeipt. 

Rape 

Robbery 


donse... 
Dddenee. 


Voluntary  maoalaqKhtor. 


Total. 


« 

4 

I 
I 
1 
* 
i 
I 


IdB 


Table  11.— Oceupaitkm  ofpriacmn  conjined  in  ikt  peniUntiarf  Jwm  SO,  2908. 


Occupation. 


Blacksmiths 
Bookkeeper. 
Carpenters.. 

Clerks 

Cooks 

Domestic... 

Driller 

Fanner 

Firemen 

Foreman... 

Janitors 

Jeweler 

Laborers.. . 
Maehinists.. 


Nimber. 


2 
1 
5 
8 
2 
1 
i 
1 
2 
1 
2 
1 
64 
2 


OoBBpatioa. 


No  ooonpatloa. 

Oiler. 

Painter* 

Purser 

Ballora. 

Salesman 

Shoemaker 

Swltehman 

Tailors 

Timekeeper...., 
Watehnao..... 


Total. 


1 
I 
2 
1 
8 
i 
I 
1 
2 
1 
1 


1€K 


Table  12.Sationality  of  prtBtmen  wnfmitd  tn  Hni  pemtenHmrp  Jwm  SO,  t90S. 


Nationality. 


Americans 

Antiguan 

Barbadians 

Benuudian 

Chileans 

Colombians 

Costa  Rican 

CubuD 

Daoe 

Dominicans 

Dutch  Guianian. 

Ecuadorian. 

Egyptian 

Fortune  Islander 

Frenchmen 

French  Quianian 
Ouadaloupan — 


Number. 


1 
K 
1 
7 
7 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 


Nationality. 


Haitian 

Hondurian... 

Italian. 

Jamalcana 

Martlniquana. 

Mexican 

Panamanians. 

PeruTlans 

Portugueae... 
Sootehmaa. . . 
Spanlarda.... 

St.  Kltta. 

St.  Luciavs... 
Trinidadlans. 

Total... 


Number. 


I 
1 

i 
W 

I 

1 

3 
I 
1 
1 

1 

Q 
* 

4 

l06 


Table  13 .— Causes  of  deaths  investigated  6y  coroner  during  fiscal  year  ended  June  SO^  i9(tS. 


Cause  of  death. 


Accidental  drowning 

Accidental  shooting 

Accideatal  trauiDatisin 

Caving  in  ol  earth  bank 

D vnani lie  explosion 

Electricity 

Falling  Irom  railroad  bridgei. 

Qunstiot  wound 

He-art  disease. 

nemorrliage 

Homicide 

Inflammation  ot  the  stomach 

Justifiable  homicide 

Killed  by  slide  ol  rock 

Malarial  fever 


Number. 


24 
2 
4 
1 

10 
1 
1 
1 
1 
2 
8 
1 
1 
1 
2 


Cause  of  death. 


Mangled  by  maohlnary . . 

Murdered 

Neck  broken. 

Pneumonia 

Pulmonary  tuberculosis 

Railroad  aoetdents 

Shot 

Skull  fractured 

Struck  by  lightning 

Suicide 

Suspected  homlctda. 

Syncope 

Total 


Numbsr. 


1 
1 

M 
1 
I 
3 
4 
1 
1 


IdS 
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Table  14. — NatiowdUff  of  per9(m8  whote  death  v?as  inveHigaUd  by  the  coroner  during  the 

fiscal  year  erided  June  SO,  1908. 


Country. 

Number. 

Ck>untry. 

Number. 

Antigua 

3 

1 

18 
2 
8 

3 
27 

MartintQue 

g 

Bsliama 

Mexico 

2 

Barbados 

Montserrat 

1 

China 

Panama 

g 

CJolombia 

Scotland 

1 

Dominica 

Spain 

25 

England 

St.  Lucia 

3 

France 

St.  Thomas 

1 

Greece 

United  States 

14 

Grenada 

Unknown 

6 

Italy                    

Total 

Jamaica 

138 

Appendix  3. — School  Statistics. 
Table  15. — Enrollment  during  the  year,  by  towns. 


Location. 

White  schools. 

Colored  schools. 

Males. 

Females. 

Total. 

Males. 

Females. 

Total. 

Ancon 

38 

35 

73 

Bohlo 

56 

46 

102 

Ck>lon  Beach 

37 
73 

34 

70 

71 
143 

Cristobal 

157 
46 
71 
72 
33 
82 
30 

133 
25 

135 
76 
39 
96 
31 

290 

Cruoes 

71 

Culebra 

60 
40 
22 
31 
19 
20 

50 
34 
20 
53 
5 
23 

100 
74 
42 
84 
24 
43 

206 

Empire 

148 

Gatun 

72 

QoiKona 

178 

La  Boca 

61 

LasCascadas 

Las  Savanas 

26 

60 

110 

87 

19 
126 
120 
121 

45 

MatachlD 

195 

Mount  Hope 

230 

Paralso 

24 
16 

18 
9 

42 
25 

206 

Pedro  Miguel 

Pleya  de  Flor 

60 
39 
73 

74 
42 
62 

134 

Tabemllla 

81 

San  Pablo 

125 

Total 

370 

351 

721 

1,011 

1,135 

2,146 

Table  16.— Enrollment  and  average  daily  attendance  in  wMte  and  colored  schoolsy  by 

months. 


Month. 


1907. 

October 

November 

December 

1908. 

January 

February 

March 

AprU 

May 

June 

Monthly  average 


White. 


Male. 


182 
107 
20r 


244 

265 
277 
273 
252 
227 


224 


F^ 
male. 


109 
190 
191 


224 
252 
255 

280 
246 
233 


224 


Enrollment. 

Average  dally' at- 
tendance. 

Colored. 

Total. 

» 

Total 
enroll- 

White. 

Col- 
ored. 

Total. 

Male. 

Fe- 
male. 

White. 

Col- 
ored. 

ment. 

622 

492 

351 

1,014 

1.365 

243 

687 

880 

575 

517 

387 

1,092 

1,479 

311 

678 

989 

543 

524 

308 

1,067 

1,«5 

363 

607 

1,050 

587 

664 

468 

1,151 

1,619 

403 

795 

1,198 

654 

640 

517 

1,204 

1,611 

458 

855 

1,313 

672 

602 

582 

1,364 

1,896 

461 

891 

1,362 

656 

673 

533 

1,329 

1,862 

466 

863 

1,319 

665 

677 

408 

1,312 

1,840 

405 

711 

1,116 

646 

610 

460 

1,266 

1,716 

366 

775 

1,141 

013 

576 

460 

1,212 

1,672 

385 

765 

1,160 

Percent- 
age of 

attend- 
ance. 


Percent. 
64.46 
66L86 
7L67 


78.00 
72.60 
71.30 
70.30 
60.65 
66.49 

68.77 


57948—08 18 


•i 
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Table  20. — Consumption  of  watery  collections  made,  and  bills  outstanding  for  water 
rents  in  the  city  of  Colon  for  fiscal  year  ended  June  SO,  1908, 

[Estimated  population,  14,263;  02  hydrants  and  taps.] 


Private 
consum- 
ers, not 
including 
Panama 
Railroad 
or  Isth- 
mian 
Canal 
Commis- 
sion. 

Private, 

Consumption  per  quarter. 

Quarter  ending— 

UUfc 

including 
Panama 
Railroad 
or  Isth- 
mian 
Canal 
Commis- 
sion. 

Panama 
Railroad 
reserva- 
tion. 

Isthmian 
Canal  Com- 
mission 
HosplUI 
and  Quar- 
antine 
Stotion. 

Hydrant 
and  tops. 

Totol. 

Average 
daily  con- 
sump- 
tion. 

September  30, 1907. . . 
1  )ecember  31, 1007 .... 

March  31. 1906 

June  30, 1908 

OaOont. 
126 
184 
235 
290 

OaUont. 

8,570,856 
14,268,154 
20.230,237 
10,183,500 

Oattons. 
11,247,510 
13,561,000 
12.865,737 
12,374,200 

Oallons. 

5,521,063 

6,448,004 

7,204.206 

6.064,100 

OaUons. 
44,474,251 
40,143,012 
24.550,412 
22,846,052 

OaUotu. 
60,822.680 
83,420,260 
64,060.504 
60,467,852 

OaUons, 
756.043 
006.742 
713.051 
664.462 

Total  for  year.. 

62,261,747 

50,068,447 

25,337,465 

141,022.727 

278,680,386 

(■761,020 

Quarter  ending- 

.\mount 
collected 

from 

private 

consumers. 

Amount 
collected 

from 
Panama 
Railroad 
and  Isth- 
mian Canal 

Com- 
mission. 

Amount  to 

bo  collected 

from 

Panama 

Qovem- 

ment. 

Totol 

revenue 

as  per 

agreement. 

Average 
consump- 
tion per 
private 
connection 
per 
quarter. 

Average 
private 
Quarter- 
ly bill. 

Cost  per 

hydrant 

and 

public 

topper 

quarter 

September  30, 1907 . . . 

December  31. 1907 

March  31. 1906 

June  30. 1006 

63,305.48 
5,048.27 
6.166.75 

c7.723.40 

$5,030.67 
0.002.70 
0,054.00 
5,531.70 

^80,073. 05 
65,540.03 
63.270.25 
6  4,244.00 

$17,500.00 
17,600.00 
17,500.00 
17,500.00 

GaUont. 
66.004 
77,544 
87,150 
64,156 

$26.15 
32.32 
34.75 
25.83 

S08.63 
60.32 
35.64 
46.14 

Total  for  year. . 

25.233.00 

22,616.07 

22, 147. 13 

70.000.00 

206,046 

110.05  *        240.73 

1 

a  Daily  average 


6  Bills  outotandlng. 


c  Not  amount  of  bills. 


Appendix  5.— Canal  Zone  Funds. 
Table  21.— Receipts  and  disbursements  by  appropriations. 


Canal  Zone  funds  prior  to  March  4, 1007 $40,060.04 


Municipal  funds 

Miscellaneous  and  contingent 

Schools  and  public  improvemento 

Schools 

Public  Improvemento 

Postol  receipts 


Totol. 


March  4, 1007,  to  June  30,  1007. 


On  band 

March  4, 

1007. 


80. 439. 74 


120,500.66 


Recelpto. 


$1,058.10 

300.00 

10.000.00 

33,341.29 


26,171.56 


70,470.07 


Disburse- 
ments. 


$6,050.56 

10,544.84 

20.00 


7,314.10 
10,784.06 
11,000.00 


46,622.56 


Balances 

June  30, 

1007. 


$34,766.46 

70,104.90 

9,980.00 

14,243.13 


15,171.58 


144,358.09 
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Appendix  5. — Canal  Zonb  Fvnbs — Contutaed. 

Table  21.— Receipts  and  disbursements  by  appropriations — Continued. 


July  1,  IWi,  to  June  30, 1908. 

Balances 

Reoeipfes. 

Disburse- 
ments. 

Bal&Dc 

June  :>l 

190!>. 

Mi0oe1laneou8  and  contlngmt 

S756.63 

9,iwaoo 

f75<! 

1908 

'fi6,'666.'66' 

52.  ss 

1004.24 

9  075 

1909 

io,cM»: 

Schools  and  public  improvements 

104,206.75 

374.76 

08,5Nl 

Schools 

Public  Improvements 

Schools  and  pubUe  lmprov«meDts,  1908 

H243.1S 

170,80S.1S 

107,  ^i 

Schools 

30,450.83 
46,800.27 

Public  Improrements 

Sdiools  and  pubfle  improvements,  1909 

10,942.73 

84,50l.€3 
7,517.05 

\0,9€1 

Postal  receipts: 

1906 

15,171.56 

00,673.21 

1900 

7.517 

Total 

144,356.09 

28S,9Q6.17 

183,501.05 

244, 7<  a 

Appendix  6.— Business  Transacted  in  the  Courts  of  the  Canal  Zons  dukij 

TBE  Fiscal  Year  ended  June  30,  1908. 

Table  22,— Supreme  court. 


Criminal 
cases. 


ClvU 
cases. 


I 


Pendbig  July  1.1907. 
Filed  during  year. . . 
Alfimied 


1 
5 
2 


7 
4 


Reversed 

Dismissed 

PendlQg  June  30, 1906. 


Criminal  |     Civ// 
casos, 


2    . 


Number  of  sessions  of  court 

Number  of  attorneys  admitted , 


Table  2*^.— First  circuit  court, 

CRIMINAL  CASES. 


Month. 


1907. 


Cases  pending  July  1 

July 

August 

September 

Octot)er 

November 

December 


January.. 
February, 

March 

April 

Idfay 

June 


190S. 


Total 


Cases  pending  Juno  ^,  1908,  5. 
Forlelted  bail,  $100. 


pending 


July  1,1907, 


Cases 
Cases 

Cases  settled 

Cases  pending  June  30, 1908. 
Costs 


Cases 

Con- 

filed. 

victed. 

5 

• 

1 

9 

3 

/ 

.•> 

8 

9 

5 

1 

6 

3 

4 

2 

9 

3 

8 

3 

5 

4 

7 

3 

8 

5 

88 

42 

Ac- 
quitted 


Collections. 


CIVIL  CASES. 


Fines. 


1398.00 
169L0D 


Costs. 


30.00 
10D.QO 
30.00 


72LO0 


17.35 


7. 2^5 


'i 
h 
I 

196. :» 
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Tablb  24. — Second  dnuU  court. 


CHIliINAI«  CASB8. 


Month. 


1907. 


Coses  pending  Jnly  1 . 

July 

Aui^st 

September 

October 

NoTember 

December 


Janaary.. 
February, 

March 

April 

May 

June 


1906. 


Total. 


Cases  pending  June  30, 1906, 13. 
Forfeited  ban,  f75. 


Cases  pending  July  1, 1907. 
Cases 


pending 


Cases 

Con- 

filed. 

irfcted. 

4 
11 

4 

11 

3 

9 

4 

10 

7 

3 

2 

25 

9 

24 

11 

24 

W 

22 

9 

16 

11 

23 

13 

23 

16 

1        205 

1 

105 

Colkctiona. 


Ae-  DIa-     ,.    _ 

quitted,     missed. 


CIVIL  CASES. 


2 
2  . 


3 

6 
5 
7 
5 
3 


37 


{    Fines.        Costa. 


\ 


6 
5 
4 
5 
1 
4 


1 
6 
2 
3 
3 
8 


947.00 
2S.00 


1G5.00 


19a  05 


196.00 
215.00 
107.00 
100.00 
80.00 
75.00 


50  I  1.200.05 


61&75 


20.30 


1&90 
44.60 
15l75 
22.10 
».50 
13.50 


177.40 


16 

54 

Cases  settled 38 

Cases  pending  June  30, 1906 32 

Costs 6826.58 


Table  25. —  Third  ciratit  cotM. 


CRIMINAL  CASES. 


Cases  pending  June  30,  1908, 6. 
Forfeited  ball.  6225. 


Cases  pending  July  1, 1907. . 

Cases  filed , . . 

Cases  settled 

Cases  pending  Juno  30, 1908. 
Costs 


Month. 

C^ses 
filed. 

Con- 

Ac- 

t 

nis- 

missed.  \ 

i 

r 

Collections. 

victed.   1  quitted. 

1 

Fines. 

Costs. 

1907. 
Cases  pending  July  1 

2 
3 
& 

5 
5 
5 

4 

U 
7 
7 
9 
6 
4 

July 

i 



At|g^i«t 

3 

1 
2 
2 
3 

& 

U 

2 

........   . 

2 
1 

1     ■ 

4 
2. 

1 

6175.00 

611.05 

September 

October 

November 

10.00 
25.00 

7>,00 
225.00 

6.00 

December 

6.70 

1608. 

Jsnnary 

February 

1 

1 

n.rio 

2 

26.35 

March 

2 

April 

9                 1 
5                2 

1  '              1 

1 

1 

May 

44.00 

14.50 

June 

9.00 

1 

Total 

73 

45                  U 

13 

564.00 

96.50 

CIVIL  CASES. 


10 
25 
22 
13 
6261.14 
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Tablb  26.— DifCrieC  amrt,  diatntt  ofAnam. 

CBIMINAL  CASES. 


Month. 


July 

Aii^st 

Septeiftber. 
October... 
November. 
December. 


19C7. 


.     Coo- 
llled.  '  Ttetod. 


Janimry.. 
FebroAiy. 
March.... 

April 

lliisr 

June 


1908. 


Totol. 


54 

80 
87 
81 
61 
84 


Tk 
73 
90 
49 


844 


54 

80 
43 
56 
44 
52 


44 

47 
56 

76 
41 
41 


AM 


AOQOli- 


13 


11 

12 

11 

7 

4 

8 


67 


Coiiuntt» 
tad  to 
diciilt 


18 
9 
5 
9 


3 
9 
6 
7 

4 
4 


Dili- 


25 

13 

9 

7 


3 


$147.00 

aoioo 

177.00 
446.00 
164.00 
3S0LOO 


415.00 
616lS0 
64&00 
404.50 
562.00 
391.00 


74 


57  •  4,62L00 


Gorta. 


f7L2S 

12L« 

9L50 

102.50 

67.20 

8&30 


75  50 
10&06 
117.95 
103.25 
102.30 

6L.05 


1.10&90 


BaU  forfeited.  S50. 

CIVIL  CASES. 

Caies  pending  July  1, 1907 1 

Casea  tiled 31 

Cnsea  settled 29 

Cases  pending  June  30,  1908 3 

Costa 157.10 

Table  27 .—District  cottrt,  dittriei  of  Empire, 

CRIMINAL  CASES. 


Month. 


1907. 

July 

August 

September 

Octolier 

November 

December 

1908. 

January 

February 

March 

April 

May 

June , 

Total 


Cases.       Con- 


flied. 


victed. 


152 

150 

153 

153 

153 

122 

117 

103 

81 

70 

109 

128 

174 

139 

160 

131 

185 

152 

198 

150 

226 

151 

178 

139 

1,946 

1,588 

Acquit^ 
ted. 


21 
16 
12 
14 


12 
16 
15 
16 
46 
21 


191 


Commit- 
ted to 
dxcolt 
court. 


3 
4 

1 
19 


20 

8 

9 

12 

16 

9 


101 


Dia- 


CoUeetkna. 


Coats. 


2 
6 
3 
24 
9 
8 


61 


1834.00 

1,18.70 

IfOSfiiOO 

89L00 

SO&OO 

847.00 


877.00 
006150 
607.00 

Taaoo 

66&00 

2oafio 


f27&90 
292.55 
231.00 
200.40 
137.30 
140.50 


195l00 
17&00 
227.50 
182.00 
120.70 
92.20 


9,282.70      2.374  OS 


BaU  forfeited,  S104.70. 

CIVIL  CASES. 

Cases  pending  July  1, 1907 0 

Cases  hied 219 

Cases  settled 212 

Cases  pendhig  Jane  30, 1908 7 

Costa.. ..rr. f45a40 
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CRUOXAI.  CASES. 


J*"  J 


Month. 


1907. 

July 

August 

September 

October 

November 

December 

1908. 

January 

February 

March 

April 

May 

June 

Total !.,«> 


1 
1 

GasM 

1 

2:;. 

o*« 

^ 

flled. 

R-. 

OBCfelL 

M : 

«2 
SS 
S3 
UQ 
C  ■ 

1« 

\C 

IXS 

i.ts 

1 

ih! 
Si 

^  ^  %  ^  %« 

I 

3 

U 

B 

14 

14 

33&g» 

3Ukk.0l> 
4S^.3tf 

Sll-iW 

ij 

u 

V 

u 

IiJ&3i 

«kai 

^LOi 

«&« 

?i.«5 

$13» 

S10» 

1<«13D 

uenw 

141  j» 

tw 


l#i 


L»     3.U3L»       1,15&S 


Ball  forfeited,  $27. 


Cases  pending  July  1, 1907 

Cases  filed 

Cases  settled 

Cases  pending  June  30, 1008 

Costs 

Tabi.k  29. 


oivn.  C\;5Hav 

0 

131 

:     '  .      .  ' !.         127 

..  .  -  4 

.    -  »!*.» 

CRIMINAL  CV.^KS. 


Month. 


July 

August 

September.. 

October 

November.. 
December... 


1907. 


January . . 
Febniary . 

March 

April 

May 

June 


1906. 


1«> 

ia\ 
in 
iiii 


MS 
1.14 

J4s\ 


Total 


i.rta: 


Bull  forfolU^d,  %\4I»,7\\ 


Cases  nendiog  July  1 ,  1907 , . . 


UAU 


3(» 

IT 


V 

3: 

:^4 
3»: 


OIVIl.  CV8KS. 


vHatMt 


1 
4 

3 
1 
3 
4 


3 


l>b> 


8 
3 
t 


1 


7 
3 

e 
ft 

2 

3  ' 

4$ 


€V>llectloii«. 


Ftnea. 

Oo«U. 

t«0.» 

S174u45 

4IM.70 

12&8D 

4iaoo 

127.50 

491.30 

114.30 

301.00 

140L75 

23a.  73 

79100 

333.00 

113.75 

394.00 

127.75 

41X30 

114.00 

300.50 

123.25 

3Oi00 

\26.m 

7aaoo 

203.55 

3.ff».45 

1,573.90 

Cases 

Cases  settled 

Cases  pending  Juno  30,  IWM 

The  Bonior  district  iu<li|^^  nxi^  iluniiff  tho  aIimmuh^  o(  tho  ro^ular  district  i 
when  none  is  absent  noUTs  inmrt  at  Oulohra  to  oxtxHliiotho  di.>*i 
the  district  of  Einpirtv     During  tho  vt^tir  hotritnl  \,W^  ortminal 
265  at  Empire,  126  at  (^oruinm,  and  7ti5  at  iVintoluin  and  28  civi* 
the  totals  for  the  distrioiH  in  which  thov  wt^n^  ht^ird. 


0 

51 
51 

0 

1115.65 


udift^  and 


FIRE  STATION,  Q 


POUICE  STATION,  El 


tr 


APPENDIX  L. 

BEPORT  OF  COL.  W.  C.  OOBOAS,  MEDICAL  CORPS,  IT.  S.  ABMT, 
MEMBER  OF  ISTHMIAV  CAKAL  C0MMI8SI0V,  HEAD  OF  THE 
DEPARTMEHT  OF  SAFITATIOV. 


Ancon,  Canal  Zone,  July  SI,  1908. 

Sir:  I  herewith  forward  annual  report  for  the  fiscal  year  1 907-8. 
The  conditions  during  the  year  have  been  good,  and  the  report  shows 
a  gratifying  improvement  in  the  health  conditions  of  the  force  over 
that  of  the  preceding  jnear. 

Our  white  force  averaged  during  the  year  12,058  men,  who  had 
death  rate  of  15.34  per  thousand;  last  year  we  averaged  7,727  whites 
with  a  death  rate  of  15.93.  About  one-third  of  the  deaths  among 
the  whites  were  due  to  accidents  and  violence  of  various  kinds  The 
death  rate  from  disease  was  about  10  per  thousand. 

We  averaged  during  the  year  for  negro  employees  30,999  men, 
among  whom  we  had  604  deaths,  giving  us  an  annual  death  rate  of 
19.48  per  thousand.  The  preceding  year  we  averaged  24,587  negro 
employees,  among  whom  we  had  1,152  deaths,  giving  us  an  annual 
rate  of  45.94  per  thousand.  The  death  rate  among  our  negro  em- 
ployees was  therefore  less  than  half  what  it  was  as  compare<l  with 
the  preceding  fiscal  year.  This  I  think  is  due  to  the  subsidence  of 
the  epidemic  of  pneumonia,  which  was  occurring  at  that  time  among 
the  negro  employees,  and  also  to  the  steady  improvement  that  has 
taken  place  in  their  housing,  feeding,  and  general  sanitary  conditions. 

Takmg  our  total  force,  we  averaged  during  the  year  43.057  em- 
ployees, among  whom  we  had  789  deaths,  giving  us  a  deatn  rate  of 
18.32  per  thousand.  During  the  preceding  fiscal  year  we  averaged 
32,324  employees,  with  1,272  deaths,  giving  us  a  rate  of  39.41  per 
thousand ;  that  is,  the  death  rate  in  our  whole  force  was  less  than  half 
of  that  of  the  preceding  fiscal  year.  This  decrease  in  the  deaths  took 
place  almost  entirely  among  our  negro  employees. 

We  had  during  the  year  a  total  population  of  112,002,  among  whom 
we  had  3,100  deaths,  giving  us  an  annual  death  rate  of  27.67  per  thou- 
sand. During  the  preceding  year  our  total  population  averaged 
87,215,  among  whom  we  had  3,672  deaths,  giving  us  a  rate  of  42,08 
per  thousand,  showing  a  very  gratifying  decrease  m  the  death  rate  of 
our  total  population. 

During  the  year  we  had  an  average  of  5,035  white  American 
employees,  among  whom  we  had  41  deaths,  giving  us  a  rate  of  8.14 
per  thousand  among  this  class  of  employees.  Of  tnese  41  deaths,  27 
were  due  to  disease  and  14  to  violence  and  cau»BS  other  than  disease. 
I'his  would  give  us  a  death  rate  among  the  American  white  employees, 
.   due  to  disease,  of  5.36  per  thousand. 

The  families  of  white  American  employees  on  the  Isthmus  averaged 
in  numbers  2,005;  among  these  we  had  18  deaths,  giving  us  an  annual 
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death  rate  of  8.97  per  thousand.     This  I  consider  a  Teiy  low  rate  for 
this  class  of  population. 

The  number  of  our  deaths  from  violence  continues  large.  Of  the 
789  deaths  among  employees,  we  had  157  due  to  violence,  or  about 
one-fifth. 

While  we  had  some  50  deaths  from  beriberi  in  the  total  population, 
only  one  of  these  deaths  occurred  in  the  person  of  an  employee. 

The  improvement  with  regard  to  dysentery  has  been  steady. 
During  the  fiscal  year  under  consideration,  we  had  35  deaths  among 
employees  from  dysentery;  during  the  preceding  year  we  had  56 
deaths  among  employees  from  this  disease,  though  during  the  fiiscal 
year  under  consideration  we  had  10,000  more  employees  than  we 
avera^d  during  the  preceding  fiscal  year. 

During  the  last  fiscal  ^rear  we  had  among  employees  111  deaths 
from  malarial  fever:  during  the  fiscal  year  preceding  we  had  211 
deaths  from  malarial  fever;  that  is,  witn  an  average  force  of  10,000 
more  men  than  the  preceding  fiscal  year  we  had  omy  about  half  the 
number  of  deaths  from  malaria.  I  consider  this  tlie  most  satisfac- 
tory showing  in  the  whole  report,  as  malaria  is  now  the  disease 
against  which  our  sanitary  efforts  are  principally  directed. 

The  decrease  in  pneumonia  has  been  very  steady.  During  the 
past  fiscal  year,  among  employees,  we  had  175  deaths  from  this  dis- 
ease; during  the  preceding  fiscal  year  we  had  479  deaths  from  this 
disease.  T^dng  into  consideration  the  increase  in  the  number  of 
employees,  this  would  show  that  the  pneumonia  death  rate  was  only 
about  one-fourth  of  what  it  was  during  the  preceding  fiscal  year. 

From  typhoid  fever  we  had  43  deaths  this  fiscal  year,  as  compared 
with  93  deaths  from  this  disease  during  the  preceding  fiscal  year — 
less  than  one-half  as  many. 

It  is  interesting  to  note  that  in  the  diseases  above  discussed,  the 
deaths  from  pneumonia  and  typhoid  fever  occurred  almost  entirely 
amonj^  the  blacks. 

It  IS  rather  remarkable  that  in  our  force  of  43,000  men  we  should 
have  admitted  to  the  hospitals  only  130  cases  of  alcoholism,  233 
cases  of  syphilis,  and  131  cases  of  gonorrhea. 

Out  of  every  thousand  men  during  the  past  fiscal  year  we  had 
23.85  sick  daily;  during  the  preceding  fiscal  year  we  had  29.31  con- 
stantly sick  per  thousand.  This  means  a  saving  of  88,000  sick  dars 
for  the  whole  force;  that  is,  if  the  sick  rate  had  oeen  the  same  in  tne 
two  fiscal  years  we  would  have  had  88,000  more  sick  days  in  the 
last  fiscal  year. 

The  cost  of  subsistence,  per  day.  per  patient,  averaged  during  the 
year  $0,297,  and  the  total  cost  of  the  care  of  patients,  $1.63  per  liay, 
a  very  economical  showing  as  compared  with  similar  institutions  in 
the  States. 

During  the  year  we  have  had  no  cases  of  yellow  fever  or  plague 
originating  on  the  Isthmus. 

The  figures  above  given  show  a  very  good  condition  of  health, 
either  as  compared  with  any  urban  population  in  the  United  States, 
or  any  similar  working  force  in  the  Umted  States,  or  with  our  army 
and  navy. 

Very  respectfully,  yours,  W.  C,  Goboas, 

Chief  Sanitary  Officer. 

The  Chairman  Isthmian  Canal  Commission, 

Oulebra,  Canal  Zom. 
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GENERAL   STATISTICS. 


Tables  showing  average  numherfor  the  year  of  white  and  black  employees,  separately  and 
consolidated,  total  deaths^  average  population,  total  deaths  among  population,  and 
annual  death  rates  per  1,000  among  employees  and  population,  fiscal  year,  1907-1908, 


White  employees  of  the  Canal  Commission  and  Panama  Railroad 

Company 

Black  employees  of  the  Canal  Commission  and  Panama  Railroad 


Average 
number 
of  em- 
ployees. 


Total 
deaths. 


Annual 
average 
per  I.OOQl 


Company ' I      30,999 


Total  employees  of  the  Canal  Commission  and  Panama 
Railroad  Company 


Panama '     35,064 

Colon 15.271 

Canal  Zone 61, 067 


Total  population '    112,002 


27.67 


a  Figures  relating  to  number  of  employees  are  compiled  from  the  payrolls  of  the  different  months. 
NoTX.— The  population  and  deaths  as  given  for  the  (dtles  of  Panama  and  Colon,  and  for  the  Canal  Zone, 
In  the  tables  above,  include  employees  and  civil  population. 


White: 
Male 


Deaths  by  color. 


479 


nniv ^. «(V 

Female 194 

Black: 

Male 1.625 

Female 745 

Chinese: 

Male 47 

3 

1 

6 


Female 

Not  stated:  Male. 
Sex  unknown 


Total 3,100 


Deaths  by  nationality. 


Africa 1 

Antigua 27 

Austria 6 

Barbados 247 

Bahama  Islands 2 

Belgium 1 

Bohemia 1 

Bolivia 1 

Canada 1 

China *    []]  S) 

Chile 3 

Colombia 196 


Costa  Rloa. 

Cuba 

Curacao 

Domerara 

Dominica 

Denmark 

Egypt 

Ecuador 

England 

France 

Fortune  Islands., 

FIJI  Islands 

(Ireeoe 

Qormany 

Qrenada 

Guadaloupe 

Quiana 

Haiti 

Hlndustaii 

India 

Ireland 

Italy 

Iceland 


13 

3 

4 

« 

I 

\ 

3 

1^ 

23 

13 

X 

<< 

61 
I 

11 
\ 
X 
2 

2S 
1 


Jamaica 

Martiniqae... 

Mexico.. 

MontsMTat,.., 
Norway*  ••'...' 

Nicaragua 

Nassau, 


6»7 

139 

U 

13 

1 

5 

3 

Panama. 1,122 


Peni 7 

Porto  Rico 4 

l\>rttigal 1 

inilUpplne^ 1 

Russia 1 

^rrta 3 

j^an  Salvador 3 

8MUand 4 

Santo  Domingo 2 

Spain 157 

Sweden,,, , 1 

Switsertand 1 

St,  KUt» 3 

v^t  Uiela 66 

St.  Thomas 10 

SU  Vincent 9 

SI,  Mlchat^ 1 

SI.  Martin 1 

Trinidad I« 

T\irkey 3 

rnlt<Hl  States M 

VeoAiuela 7 

West  Indies 81 

Unknown »* 


Total. 


Z  ftt 
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Under  1  year 600 

From  1  to  4  yean 142 

From  4  to  10  years 7» 

From  10  to  20  years W7 

From  20  to  80  yeara 606 

From  ao  to  40  years 472 

From  40  to  £0  years 387 

From  fiO  to  60  years 220 


Deaihg  by  age$. 

PfOBi  60  to  70  years. 
From  70  to  80  yean. 
From  80  to  10  yean. 
From  60  to  160  yeui. 
Noti         ' 


Tbtal. 


81 
•10 

n 

I 

'Mi 


Deatht  of  hthmian  Canal  Commianon 

Antigua 

Austria 

Bohemia 

Bahama  Islands 

Barbados » 

Belgium 

Canada 

Colombia 

Costa  Rica 

Curacao 

Demerara 

Dominica 

England 

France 

Fortune  Islands 

Fiji  Islands 

Oennany 

Greece 

Grenada 

G  uadaioupo 

Haiti 

Hind  ustan 

Imland 

Italy 


and 

20 

1 
1 
2 

192 

1 

1 
22 

2 

1 

S 

4 

6 

6 
12 

1 

1 

0 

3 
49 

4 

1 

1 
12 


Panama  Railroad  employreM  by  nalionaWbj. 

Jamaica m 

Mezioo I 

Martinique 7:5 

Mootienat S 

Nassau 2 

Fuiama 32 

Rnsste 1 

Syria l 

SeoUand I 

Spain ^> 

St.  KItts 1 

St.  LocU i> 

St.  Thomas i 

St.  Vincent 's 

Switaeriand l 

St.  Martin i 

Trinidad i;' 

Turkey 3 

United  SUtes H 

Westlndles 3 

Not  stated (, 


Total. 


7» 


Causes  of  death  of  Isthmian  Canal  CommUtion  and  Panama  Railroad  employees. 


Alcohol  ism 

Anteinia: 

I'erniclous 

Siniplo 

Aneurism    of   alxlominal 

aorta 

AixMirism  of  arch  of  aorta. 

Arthritis 

Apopli.'xy 

Arli'rial  sol«^n)sts 

Aortic  Insiitlicirncy 

Aortitis,  vegetative 

ApiM'.n<licitis 

Splenic 

Throat 

Perinatal 

Pen  urethral 

Berib<'ri 

Bronchitis 

Bright's  disea.«50 

Brain,  sofUMiing  of 

Colitis,  acute 

Cancer,  abdominal  glands. 
Cardiac  dilatation,  acute.  . 

I)vs<Mit4»ry 

Diarrhea 

Duodenal  ulcer 

Empyema 

EiKidcarditis 

Enteplis 

Emt)olism  of  cerebral  and 

renal  vessi'ls 

EnU^ro-colitis 

Fever: 

Malarial 

iliemogloblnurlc 

Black  water 

T>'phoid 

Typhoid  (relapse) 

Oeneml  parevSis 

Gastric  ulcer  with  perfor- 
ation  

Heart,  organic  dis<'aso  of. . 

Hemorrhage,  c«.*rel)ral 

Hemorrhage  and  exhaus- 
tion, gastric  ulcers 

Infjx'tlon,  origin  undeter- 

mln<'d 

lleo<'olitis 


White. 


1 
1 

1 
0 
0 
1 
0 
1 
0 
1 


Blaclc. 


0 
1 

0 
2 
2 
1 
1 
0 
1 
1 


Total. 


1 
2 

1 
2 
2 
2 
1 
1 
1 
2 


0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

2 

3 

1 

0 

1 

1 

0 

1 

10 

2.5 

35 

0 

I 

1 

0 

1 

1 

0 

2 

2 

1 

2 

3 

u 

1 

1 

0 

1 

1 

0 

1 

1 

35 

63 

98 

7 

5 

12 

1 

0 

1 

4 

38 

42 

0 

1 

1 

1 

0 

1 

0 

1 

1 

5 

4 

9 

1 

1 

2 

1 

0 

1 

1 

1 

2 

1 

4 

5 

Wbitc .  Black.    Total. 


Intestinal  obstructioas 

IndigestioD,  acute 

Insanity,  aioobolic 

Liver 

Aoac688  of. .......... 

Cirrhosis  of 

Sarooma  of 

Eochlnoooocus  cysts  of 
Lymphangitis,  abdominal 
Lnncs: 

Abaoess  of 

Oaogrene  of 

Pulmonary    tubercu- 
losis of 

Tubonniloeis  miliary. 

Congestion  of 

Myelitis 

Meningitis , 

Mitral  insufficiency 

Mesenteric  i^ds,  tubner- 

cUlosis  of 

Myocarditis 

Nephritis 

Osteomyelitis,      tubercu- 
lous  

Pericarditis 

Peritonitis I 

Pleurisy i 

Pneumonia 

Pneumonia,  bronelio 

Pyemia \ 

Pneumothomz,  pleura | 

Pott's  disease 

Shock  from  operation,  am- 
putation or  thlgb 

Septicsmla 

Stomach: 

Cancer  of 

Ulcer  of 

Sar(x>ma  of  jaw 

Syphilis 

Stnctuie  of  uiettoa 

Tetanus 

Tumor  of  pancreas,  maXg- 

nant 

Uncinariasis 

Uremia 

Violence 


I 
0 
0 

C 
3 
0 
1 
0 

1 
0 

4 
0 
0 
0 

1 

0 

e 
1 

2 

0 
0 
0 
0 
7 
2 
1 
0 
0 


Total. 


2 
1 
1 

S 
3 
1 
0 
1 

0 
4 

50 

t; 
1 
1 

16 

1 
1 

2 

li 

1 

i 

1 

154 

12 

4 
1 
1 


i 
1 

1 

II 

6 
I 
1 
1 

1 
4 

u 
1 
I 


0 

1 

6 

9 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

2 

3 

0 

1 

0 

1 

0 

1 

G^ 

94 

3 
45 


1 

U 
h 
1 
1 

1 
Ij 

1 
1 
1 

0 

1 

!» 

1 
1 
1 

I.'m 


185 
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List  of  deaths  of  white  emploifea  from  Ike  VwUmt  ^tetct,  by  manlkc.  vUk  tr%tcu» 

JULY,  uo:. 


Name. 


Timum 


Harrlngtoo,  Jas.  W Panmiiia  IL  R • 

Karling,  Jas. i  Excavmtiac     4ifiMt>    H 

vamnu. 
Wallion,  MtchMl En«iiMeriQC 


•OU     tiK 


AVr.r^T.  MWC. 


Bragg,  Sherman  D I  Pattwre  makar isnwwths 

Pettlt,  Geo.  L Roilw  mak^r. . ,  .  10  ^w^lrs 

Tbomburgh,  Eleanore  M \  Panama  R.  R lOwNNiUts 


SSrTRMBKR.  T«NC. 


Sherman,  Jos.  L ,..   Cram  man..  . 

Twist,  E.M Panama  R.  R. 


)A|  X^NMX . 


iH^n^BER.  tm. 


Farrell,  Patrick Rnir<nw«<n|t  MMl  cMh  JlwwnWm 

Savage,  John <«<» «  WNWiKit 

Shean,  David (\>pper:imU^ . .  >^  x^«»r» 

Snell,  Frank Tr»m  man  .  Mw»'y«^«k^ 

Wagner,  Adam Illarkamah ...     .  ♦^^mhIm^ 


««     \>(t4if 


\OVKlH\ft|tR    Wi^'' 


Powers.  Edward., 
Vande  Pool,  A.  11 


M^rhanty 


oi.vKMniPK,  r«*t 


ronant,  Frank  \V, 

Cassidy,  Frank 

Kramer.  PhUlp  F.. 
Rogers.  James  S.  . 
Stiirdevant.  H  8. . 


fVwNwan  . 

IVt*>»«  man 

M  rtnw»  pal     ««>0WM>r     M  w»Mkito^ 
in(«lH^avinw«i 


JlKXr^KY    1*» 


94     \yopitJtT. 
«     Fractuw  of  sJroil 
Exttcoal  vmleoce 
X^     \W«wril  paRSR 
JO     Atemiaotat  drovmniu 


Hoard.  8am<w4  H 


l^rt^ma  K  1^ 


■>^  ^^^^^^B%^B^^  ■ 


riM^Kl  ARY,  WW^ 


Davis,  rieon  l>eslt^. 
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List  of  deaths  of  white  employees  from  the  United  States^  6y  months,  with  totals  and  death 

averages  per  thtmsand—ConUnned. 

MARCH,  1908. 


Nama. 


Cooper.  David. 
Forbes,  H.  D.. 


Perkins.  Mrs.  P.  I. 

Rich,  M.  P 

Sykes^Heory  W.. 


Stooe,  Jeao  B. 


Oocupstloo. 


Locomotive  ensineer. . 
Jierhaniwil      depart- 
roeot 


Time  on 
IsthmoL 


Foremao. . 
ICachinlst. 


En^neer. {  22  months 


Age. 


Yrt. 

3i 

27 
33 
48 

42 


Gaosa  of  death. 


Intestinal  ofastnicCaoiL 

Malana  complkated  « ah 
nephritis. 

Amoebic  dnatnry. 

AbaoeBBorlivar. 

HemocThaBa  and  exhaus- 
tion, casoic  oloers. 


APRIL,  1908. 


Bath,  Geo.  K. 


Gerdes,  Max  J 

Ix>y,  Ro^)e^t  Faxoo . 
Kiddle,  Paul  L 


Engineering  and  con-    4  months. 

s&uction       depart^ 

ment 

Physician !  10  months. 

Conductor •  1  year 

Clerk ;  2i  years... 


\ 


MAY,  1908. 


21 


39 
35 
30 


Accidental  drowning. 


Organic  heart  disease. 
External  violence. 
Polmonary  tuberculosis. 


Brown,  John  A. 


Coggan,  Clifford. 


Nice,  Ada  J 

Roche,  Joseph  P. 

Roch,  Frank 


Alexandre,  John  J. 
Caswell,  Arthur  O. 


O'Shea,  Dennis.... 
O'Brien,  Michael  J 


Engineering  and  con- 
struction depart- 
ment 

Excavation  and  dredg- 
ing department 

Nurse 

Excavation  and  dredg- 
ing  department 

Foreman. 


13  months.. 
10  months.. 

43  months. , 


60 


24 

34 
34 

56 


Accidental  traumatism. 


Dynamite  explosion. 


(abdominal). 
Dynamite  ezploBion. 

Myocacditis,  chronic. 


JUNE,  1908. 


Engineering    depart-     11  months. 
ment 

Engineering  and  con-  '  9 months., 
struction      depart- 
ment, j 

Excavation  and  diedg-  ■ 

ing  department        | 

Panama  R.  R I  Smonths.. 


40 
19 

48 


Acute  dUatatlon  of  heart. 

Accidental  tranmaiism  too 
the  Panama  R.  R.). 

PraetareofskaU. 

Cerebral  hemorrtiage  ipr^'" 
ably  muxxlared). 


Average  niimlwr  of  while  employees  from  the  United  States,  on  the  Isthmos,  Ibr  the  year ^  '*',' 

Total  niiml)er  of  deaths  among  while  employees  from  the  United  States  for  the  y^ ,| 

Annual  average,  per  1,0C)0,  of  dealhs  among  white  employees  from  the  United  States "  '^ 

Total  num)H>r  of  deaths  from  disease,  among  white  employees  from  the  United  Stales,  lor  the  year  .  -' 

Annual  average,  per  1,0()0,  of  detiths  from  disease  among  while  employees  from  the  United  State  -'^^' 
Total  numt>er  of  deaths  from  violence,  poisoning,  etc.,  among  white  emplo3ree8  trom  the  Uoiied 

blates,  for  the  yetir 

Annual  average   per  1,000,  of  deaths  from  violence,  poisonUig,  etc.,  among  white  employess  from 

the  United  States -ts 


14 
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DeaUu  of  wkitf  Ajmtriemk  women  and  ckUdren. 

AVarST,  1907. 


Name. 


Tbornburgb,  Eleanore  M, 


Time  on 
Isthmus. 


AcB. 


Guse  of  death. 


lOmooths...  33 yean. 


OCTOBER.  1907. 

Maclntyre  (baby) 

Idaj 

Iday 

57  yeais 

Ceiebnl  pvalysb. 
Nephritis,  chionic. 
Mabrial  feTer. 

Ortega,  Mary 

Scberburgh,  Albert 

9moaths 

Hero,  Mrs.  John  P 


NOVEIIBBR.  1907. 


HmnQfloblnarie  fever. 


DECEMBER,  1907. 

Aiterbury ,  Mrs.  C.  L 

Evans,  Edith  Emma 

6 months llTPWfwieafa  sraTidaom. 

Smooths OitpillarT  broDdkitis. 

MARCH.  190S. 


Cate,  Charles  I 

Coiegrove,  Sybil , 

Dakon(baby) , 

Perkins,  Mrs.  P.I..., 


3days I  Smooths...  OMtUtey  bronehltli. 

4moDths iSjears Fiartim  at  base  of  skull;  accident. 


3  days. . . 
4mooths. 


3  days, . 

27 


OooKMiital  heart  diseaae. 
.VoMrbte  dysootefy. 


ArRlUl90&. 


Boyd  (baby) 

Costley,  Perclval  F. 


1  hour 

4  months. . 


1  hour riematnre  birth. 

8y«ars Aecideotal  drowning. 


MAY.  190B. 


Bcattie  (baby) 

Nico,  Ada  J 

O'Day,  Mrs.  William. 


I 


3  days '  3  days Meningitis. 

13  months...  34y«MS Cancer  (abdominal). 

6  months \  32  yean ,  Malnutntion,  with  vomiting  of  piegnancy. 

I  I 


jrNK.  I9QI. 


Smith,  Charles  Le  Roy 

Dennis,  WllhelmlnaOoethals. 


Smooths tl months...  Ooovulsioas. 

Smooths Smooths Cholera  Infentam. 


Average  number  of  white  American  wonwn  and  ehildieQ  oo  the  Isthmus  for  the  y< 

Total  number  oi  deaths  among  white  .\mfrk»n  women  aod  childran  for  the  year 

Annual  average,  mr  1.000«  ot  deaths  among  whtte  .\mcfioao  women  and  childxeo 

Total  numlier  of  neaths  ft^om  dlar«!«t  among  white  American  women  aod  ohUdieo  for  the  year 

Annual  average,  per  1,000«  of  df«ths  leom  disiras»  amooc  white  Amerieao  women  and  chUdxen 

Total  numl)er  of  deatns  fhmi  violeociN  iwipmatuie  birta,  etc,  among  white  American  women  and 

children 

Annual  average,  per  1,000,  oC  deaths  inMn  viok«M«,  prsmatoie  biith,  etc., among  white  Amerieao 

women  and  childRkn 

A  vornge  number  o(  white  Ameneans  eonnrcK^  with  the  Isthmian  Oual  CommlHlon  aod  Paoama 

Uallroad  for  the  year  (Americans  and  their  funtlles) 

Total  numl)er  of  deaths  fram  all  eaimv  among  white  Amerieans  eonneeted  with  the  Isthmian  Canal 

rK)ramlssion  and  l^ama  Railroad 

Annual  average,  per  1,000.  of  deaths  hx>m  all  causes  among  white  Amertoans  oonoeeted  with  the 

Isthmian  Canal  Commission  and  Panama  Rattroad 

Total  number  of  deaths  lh>m  disease  arooog  while  Americans  oonaected  with  the  Isthmian  Canal 

Commission  and  Panama  Railroad 

Annual  average,  per  1,000.  of  deaths  trata  disease  among  wliito  Anwrieana  eonneeted  with  the  Isth- 
mian Canal  Commission  and  Panama  Railroad 

Total  number  of  deaths  Horn  vloleoe^  premature  birth,  poisoning,  etc,  among  white  Americans 

oonnectrd  with  the  Isthmian  Canal  Commission  and  Panama  Raflroad 

Annual  ax'erage,  per  1.000^  of  deaths  trom  vioiencp,  poisoning,  premature  birth,  ele^  amoog  whit* 

Amertpans  ooopccted  with  the  i^thmiaa  Canal  Commission  and  Panama  Railroad 


2,005 
18 

897 
15 

7.48 

3 

1.40 

7,040 

SQ 

8.38 

42 

6.m 

M 
X4I 
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[Embraoing  employQesof  the  Canal  Commlsloa  and  Panama  Railroad  Company,  and  also  tbede^tu 

among  the  civil  population.] 


Typhoid  fever  (abdominal  typhus) 

Refapsins  fever 

Malarial  fever 

Aesti  vo^iutumnal-malaria 

Clinical  malaria 

Malarial  cachexia 

Hemoglobinuric  fever 

Measles 

Dysentery 

A  moBDic 

Clinical 

Leprosy 

Beriberi 

Purulent  infection  and  septicemia 

Rabies 

Tuberculosis  of  the  lungs 

Tuberculosis  of  the  meninges 

Abdominal  tuberculosis 

Pott's  disease 

Tuberculosis  of  other  organs 

General  tuberculosis 

Scrofula 

Syphilis 

Cancer  and  other  malignant  tumors  of  the 

buccal  cavity 

Cancer  and  other  malignant  tumors  of  stomach 

and  liver 

Cancer  and  other  malignant  tumors  of  perito- 
neum, intestines,  and  rectum 

Cancer  and  other  malignant  tumors  of  the 

female  genital  organs 

Cancer  and  other  malignant  tumors  of  the 

breast 

Cancer  and  other  malignant  tumors  of  other 

organs  or  of  organs  not  specified 

Other  tumors  (tumors  of  the  female  genital 

organs  excepted) 

Acute  articular  rheumatism 

Chronic  rheumatism  and  gout 

Diabetes 

Leuluemia 

Aneemia,  chlorosis 

Other  general  diseases 

Acute  and  chronic  rheumatism 

Other  chronic  poisoning 


AnooQ 
Hoa- 
pitaL 


Colon 
Hos- 
pital 


26 


ll.—Duetues  of  the  nervous  spgtem  and  the 
organs  of  special  sense. 

Simple  raenincltls 

Epiaemlc  cerebro-sptnal  meningitis 

Pneumooocous  meningitis 

Other  diseases  of  the  spinal  cord 

Congestion  and  hemorrhage  of  the  brain 

Bof teni  ng  ol  the  bral  n 

Paralyi>is  without  specified  cause 

General  paralysis 

Other  forms  of  mental  alienation 

Epilepsy 

Convulsions  (nonpuerperal,  5  years  and  over). 

Convulsions  (under  5  years) 

Tetanus 

Other  diseases  of  the  nervous  system 

Diseases  of  the  eye  and  its  adnexa 

Diseases  ol  the  ear 


I\l,—Duease8  of  the  circulatory  sytlem. 

Pericarditis , — 

Acute  endocarditis 

Septic  endocarditis 

Organic  diseases  ol  the  heart 

Angina  pectoris 

Diseases  of  the  arteries  (atheroma,  aneu- 
rism, etc.) 

Embolism  and  thrombosis 

nemorrhag&s 

Other  diseases  of  the  circulatory  system 


2 
24 

4 


6 


6 

25 

4 


1 
10 

1 
40 


3 
17 


1 


2 

1 


2 
1 


4 

4 
2 

1 
2 
1 


21 


53 
7 

IS 
1 
8 


14 


16 


30 
3 


1 

1 

14 


2 
1 
1 
1 
1 


6 


3 

3 


Line 
Hos- 
piUL 


Pan- 
ama. 


3 
1 


1 
2 


10 


3 


2 
5 


6 
I 
1 


7 

4 


2 

1 


2 
2 
1 


1 

ii 


1 

2 


4 

1 

48 

34 

86 

4 

4 


13 


45 
3 
1 
153 
3 
1 


10 
1 
6 

2 

8 


6 


3 

1 
3 
1 


2 
4 


4 

7 


8 
3 


15 
2 
7 


6 
28 
1 
1 
1 


21 

1 
23 

4 


6 
2 


a  Death  of  leper  ooourred  at  Palo  Seco  Leper  Asylum. 


Colon. 

Zone. 

5 

32 
3 

U 

61 

3 


20 


10 


8  I 


1 

V 


IB 


2 
3 


8 


6 
1 
4 

2 


50 


4 


4 

1 


12' 

•>  ! 


1 

17 


ii>'-: 


A" 

.1 

* 

1 
I 


I' 
i 
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• 

Diseases. 

AnoQii 

H09> 

l»itaL 

ColOD 

Dos- 
pitaL 

Line 
Hos- 
pItaL 

Pan- 

Ortftfi. 

Zone. 

Total. 

I  v.— i>iMa«eff  of  the  rupirtUorf  iftUm, 
Diseases  of  the  larynx 

1 
18 

1 
20 
86 

1 
8 

1 
3 
3 
4 

2D 
2 

3' 

1 

7 

44 

1 

3 

Acute  bronchitis 

1 

25 

Chronic  bronchitis 

4 

Broncho-pneumonia 

18 

•80 

1 

6 

88 

1 

io" 

i' 

55 

Pneumonia 

328 

Pleurisy 

8 

Conji^tion  and  apoplexy  of  the  lungs 

9 

Gangrene  of  the  lungs 

8 

1 

1 

2 

1 

0 

Asth  ma 

2 

1 

1 

a 

Other  diseases  of  the  respiratory  systete 
(phthisis  excepted) 

4 

V.  DiMtaau  of  the  dffeHive  tptiem. 
Diseases  of  the  mouth  and  its  adnexa 

2 

Diseases  of  the  pharynx 

1 

Diseases  of  the  esopbaeus 

2 

2 

Ulcer  of  the  stomach 

1 

1 
1 

i 

2 
16 

1 
7 

1 

26* 

6* 

0 

1 
8 

4 

Other  diseases  of  the  stomach  (cancer  ex- 
copied) 

6 

147 

12 

81 

3 

0 

Diarrhea  and  enteritis  (under  2  yean) 

180 

Chronic  diarrhea  and  enteritis  (under  3  years) . 

13 

Diarrhea  and  enteritis  (2  years  and  over) 

12 

1 

n 

U  ncinariasls 

? 

2 

1 
4 

? 

.s 

2 

6 
5 

i' 

13 

Other  diseases  of  the  Intestines 

8 

Hydatid  tumors  of  the  liver 



1 

Cirrhosis  of  the  liver 

3 



17 
3 

8 

1 

2 

27 

3 

Other  diseases  of  the  liver 

8 
1 
2 

7 

i 



23 

2 

Simple  peritonitis 

2 

3 

1 

28 
30 

3 

1 

3 
2 

13 

Other  diseases  of  the  digestive  system  (cancer 
and  tuberculosis  excepted) 

6 

Appendicitis  and  abscess  of  the  iliac  fossa 



1 

13 
18 

1 

1 

1 

g 

3 

Us  adnexa. 
Acute  nephritis 

6 

4 
1 

6 
0 

61 

n right's  disease 

44  ::::::::i 

114 

Other  diseases  of  ttio  kidneys  and  thoiraUuexa. 
Calculi  ol  the  urinary  tract 

3  1 

4 

1 

1 

Diseases  of  llie  bladder 

1 

*  *  ■ 

1 

I>israses  of  the  urethra,  urinarv  at>sn'ss.  etc.. . 

1 

1 

1 

3 

I'u^hne  tumors  (noncancerous) 

1 

1 
2 

1 

1 

1 

other  diseases  of  the  uterus 

2 

Cysts  and  other  tumors  of  the  ovary 

1 

VII.  The  puerperal  Hate. 

Accidents  of  pregnancy 

Puerperal  hemorrhage 

2 

1 

1 

1 

2 

1 
2 
3 
3 

7 
2 

Other  accidents  of  lal)or 

1 

1 

1 

4 

Puerperal  septicicmia 

2   

4 

10 

Puerperal  albuminuria  and  convulsions 

1 

4 

1 

1 
1 
1 

2  • 

2 

VIII.  DUeatei  of  the  tkin  and  aUuimr  tiuue. 

6 

Acute  abscess,  phieffinon 

1 

1 

3 

Oitier  diseases  ol  the  skin  and  its  adnexa 

1 

IX.  Diteatet  of  the  orftiu  qf  Uteomotkm. 
Nontubercuious  diseases  of  the  bones 

1 

1 

2 

ArthntisandothordisiMtsesor  the  Joints  (tuber- 

2 

1 
1 

1 

1 

3 

Copfzenitat     malformations    (stillbirths    ox-  1 
copied ) 

1 

23 
U 

1 

fiO 
0 

2 

XI.  Eari^  infancy. 

Congenital  debility,  icterus  and  sclerema 

(Ulu>r  diseases  peculiar  to  i^rty  infancy 

Lack  of  care 

2 

3 

1 

1 

1 
1 

17  ' 
13 

3 

106 

38 

3 

57948-08 19 
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Causes  of  death — Continued. 


Dfacoocs. 


XII.  Old  age. 
Senile  debility 

XIII.  External  amtet. 


Suicide  by  poisoning 

Suicide  by  drowning 

Suicide  by  fireanns 

Suicide  by  catting  instruments 

O  ther  suicides 

Fractures 

Other  accidental  traumatisms 

Bums  and  scalds 

Sunstroke 

Electric  shock 

Accidental  drowning 

Absorption  of  deleterious  gases  (nonsulddai) 

Other  acute  poisoning 

Other  external  violence 


Aqooq 
Hos- 
pItaL 


Goloa 
Ho»- 
pitaL 


Line 
Hos- 
pital. 


Pan- 


: 


Cokni.  ,  Zone.     T<>'4 


1 

'3{ 


5 

18 
1 


I 


6 
19 


8 


1  '. 

6  >. 

4  ' 

I  . 


3 

"i 


XIV.  JU^efinedditeaJM. 

Dropsy 

Sudden  death 

Causes  of  death  unspecified  or  ill-deflned 


Total. 
Stillbirths.. 


8 


1 


2 
12 
91 

1 


3 

48 


I 
3 


6 

1 

32 


692 
42 


Is 


a  One  death  from  fracture  oocurred  at  Taboga  Stnitarium. 

Table  showing  discharges  and  deaths  of  employees  in  the  hospitals  of  the  Isthmian  tar.- 

Commission  for  the  fiscal  year  1907-8  from  alt  causes. 


Diseases. 


I.  Oenml  diatoMu. 


Typhoid  fever 

Hompsini;  fevejr 

Malariivl  fever 

jlCstivo-anturanal  malaria. 

Tertian  nmliiria 

M  i  xed  Tiiiilaria 

Clinical  malaria 

M  ilariijl  ci\rhexia 

1 1  icmofjloblnuric  fever 

Measles 


Inl1iien7,a 

Dysi'ntorv 

Bacilfary. 

Aina>l>ic  . 

Clinical.. 

leprosy 

lk'ril>ofi 

KrysiiM'las, 


Other  epi*leinic  dis<\ases , 

Purulent  infpclion  and  septicaemia 

TiiU^rcnlosis  of  the  lunps 

TuU'rciilusis  of  the  menlu^es 

Pott's  (lis^'Ase 


Cold  abscess  and  abscess  by  congestion , 

Tuberculosis  of  other  organs 

(Jenoral  tul)e.rculosis 

Svphilis 


(fonorrhea. 


Cancer  and  other  mnliKriant  tumors  of  stomach  and  liver 

Cancer  and  other  mali^'nant  tumors  of  peritoneum,  Intestines,  and  rectum. .. 

Cancer  and  other  mali>:nant  tumors  of  the  skin 

Cancer  and  other  n)alignant  tumors  of  other  organs  or  of  organs  not  spedfled. 

Other  tumors  (tumors  of  the  female  genital  orgsms  excepted) 

Acut*'  articulnr  rheuniiit ism 

Ctironlc  rheuuiatisni  and  gout , 


D»S-  r. 

charged. 


308 

11 

81f> 

3,837 

2,2»I) 

IM 

4,849 

aw 

29 

3» 

98 

163 

2 

96 

« 

2 

4 

10 

9 

111 


2 

123 

12 

13 

233 

131 

1 

2 

11 

4 

3 

57 
301 
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Fable  showing  dMuirges  and  deaths  of  employees  in  the  hospitals  of  the  Isthmian  Canal 
Qmmission/or  the  fiscal  year  1907-8  from  all  causu — Continued. 


Diseases. 


I.  Otnerai  dUeatf—CoiaXiDxxA, 


Rxophtbaliiilo  goiter 

LeuKsamia 

A.n8Binia,  chlorosis 

Other  general  diseases 

Acute  and  chronic  rheumatism 

Chronic  lead  poisoning 

Other  chronic  poisoning  (occupational). 
Other  chronic  poisoning 


II.  DUexuea  cfthe  nervout  sfftiem  and  the  organs  cftpeddl  unae. 


Simple  meningitis 

Epidemic  oereDro^pinal  meningitis 

Pneumocooous  memngitis 

Progresstve  locomotor  ataxia 

Congestion  and  hemorrhage  of  the  brain. 

Softening  of  the  hndn 

Paralysis  without  specified  cause 

General  paralysis 

Other  forms  of  mental  alienation 

Epilepsy 

Convulsions  (nonpuerperal) 

Tetanus 

Other  diseases  of  the  nervous  system 

Diseases  of  the  eye  and  Its  adneza >., 

Diseases  of  the  ear 


in.  DUeaaet  of  the  dreulatorf  tpttem. 

Pericarditis 

Pneumocooous  pericarditis 

Acu  te  endocarditis 

Septic  endocarditis 

Organic  diseases  of  the  heart 

Diseases  of  the  arteries  (atheroma,  aneurism,  etc.) 

Embolism  and  thrombosis 

Diseases  of  the  veins  (varices,  hemorrhoids,  phlebitis,  etc.) 

Diseases  of  the  lymphaUo  system  (lymphangitis,  etc.) 

Hemorrhages 

O  ther  disuses  of  the  dreulatory  system 


Dis- 
charged. 


rv.  Diteaaea  tf  the  respfratorjf  tfftUm, 

Diseases  of  the  nasal  fossaj 

Diseases  of  the  larynx 

Diseases  of  the  thyroid  body 

Acute  bronchitis 

Chronic  bronchitis 

Broncho-pneumonia 

Pneumonia 

Pleurisy. 


Congestion  and  apoplexy  of  the  lungs. 

Gangrene  of  the  lungs 

Asthma 


Pulmonary  emphvsema 

Other  diseases  of  the  respiratory  system  (phthisis  excepted). 


V.  Diaeaaet  iff  the  diQetUve  ayHem. 

Dlaeases  of  the  mouth  and  Its  adnexa 

Diseases  of  the  pharynx 

Ulcer  of  the  stomach 

Other  diseases  of  the  stomach  (cancer  excepted) 

Chronic  diarrhea  and  enteritis 

Diarrhea  and  enteritis. 

Intestinal  parasites 

Uncinariasis. 

Hernia  and  hitestlnal  obstructions 

Other  diseases  of  the  intestines 

Cirrhosis  of  the  liver. 

Biliary  calculi 

Other  diseases  of  the  liver 

Diseases  of  the  spleen 

Simple  peritonitis 

Other  diseases  of  the  digestive  system  (cancer  and  tuberculosis  excepted). 
.Appendicitis  and  absoess  of  the  Iliac  Ibssa 


1 
2 

g7 
SfiO 

92 
6 
3 

74 


1 
4 

1 


6 
1 

17 

10 

1 


IfiO 
426 
200 


19 

21 

103 


83 


Died. 


41 


2 
1 


7 
4 
4 


2 
1 


1 
1 
2 
2 
11 
3 
1 
2 
1 
2 
1 


15 

142 

1 


1 
3 


an 

2 

2 

83 

1 

11 

33A 

1 

9 

112 

2 

210 

1 

88 

10 

16 

4 

6 

48 

12 

7 

2 

7 

6 

68 
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I\able  Oiowing  dMiargei  and  deaffu  o/  emphifm  in  0^  koipMli  ff  Ae  iMifMttft  Chi 
O&mmimwnfor  the  JUcal  year  J^Or^fltfih  Alt  dtlrti    Ocilten^; 


Dis- 


VI.  Diteaua  cftke  penittHtrilmf  «y«Mi  «M  tf  MMft. 

▲cute  nephritis 

Bright's  diaease 

Other  diseases  of  the  kidnejrs  and  their  adnexa 

Calculi  of  the  urinarr  tract 

Diseases  of  the  bladder 

Diseases  of  the  urethra,  urinary  abscess,  etc 

Diseases  of  the  prostate 

Nonvenereal  diseases  of  the  male  genital  origans 

Uterine  tumors  (noncancerous) 

Other  diseases  of  the  uterus ; 

Other  diseases  of  the  female  genital  organs. 

Nonpuerperal  diseases  of  the  breast  (cancer  excepted) 

Chancroids « 


VIL  The  piurpeni  ttate. 
Accidents  of  pregnancy 

VIIL  DUeaui  of  Hit  Ma  iifi4  etOlilttr  fSMVt. 


Gangrene, 
Furuncle. 


Acute  abscess,  phlegmon 

Other  diseases  of  the  skin  and  its  adnexa. 


IX.  DiteasMq^f^eorpofwq^loeoinoCJOA. 

Nontuberculous  diseases  of  the  bones. 

Arthritis  and  other  diseases  of  the  Joints  (tubemUflals  and 

Amputation 

Other  diseases  of  the  organs  of  locomotion 


eiibeilWd). 


X.  JfoZ/omMtfioM. 
Congenital  malformations  (stillbtrths  excepted) 

Xn.  DeMltty. 

Debility 


XIII.  JSztemoi  causes. 


Suicide  by  drowning. 
Fractures 


Dislocation 

Other  accidental  traumatisms. 

Bums  and  scalds 

Sunstroke 

Other  aLMJte  poisoninR 

Other  ext<»Tnal  violcuce 

Not  sick 

X-ray  examination 


XIV.  lUrdefineddUeoiet. 


Causes  unspecified  or  ill  defined. 
Total 


47 
1 

43 
14« 

4 


2 
3 

3 
1 


lOI 
ISS 
313 


36 
72 
29 


16 


eo 


212  ' 
21  ' 

88*4    r 

42  f 
1    . 
SB 
141 


12 
20,748 
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C<m99fi4RM  h09p^  wpQTt,  fiscal  year  1907-8, 


Ho^itali. 

Bemain- 
Ing  ^une 
30,1007, 

Ad- 
mitted. 

Died. 

321 
96 
20 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30,1906. 

Ancon  Hospital: 

Elmployees 

433 

82 

0 

U,9e7 

1,118 

260 

10,360 

980 

60 

1,230 

32 

0 

X 

Nonemployees 

Insane  -  t  r . ,     

179 

'''"• T 

Total 

606 

13,364 

436 

11,400 

1,262 

771 

Colon  Ho^ltal: 

Employaas *. 

285 

78 

7,049 
1,333 

260 
177 

6,640 
1,165 

188 
13 

247 

NoncoiDJAVfiicis. 

fifi 

Total 

363 

8,382 

427 

7,804 

201 

313 

■  ^"^ 

Palo  Seoo  Lfper  Asyliip: 

Employaos 

0 
11 

2 

8 

0 
0 

1 
0 

0 
0 

xl 

Non^^miikiyww 

Total 

11 

10 

0 

1 

0 

20 

*  • 't*  •••?*?':::'!1 ■■■.  ■ 

Taboga  Sanitarium: 

sinployMt 

33 
7 

2,400 
633 

0 
1 

3,399 
639 

0 
0 

34 

NonMnnk>y<fWfi 

0 

Total 

40 

3,033 

I 

3,038 

0 

34 

Mlraflores  Hoepltal: 

6 
lU 

41 
93 

6 

16 

12 
31 

28 
160 

0 

Nonfln^loyees 

0 

Total  

119 

134 

22 

43 

188 

0 

Paraiw  Hospital: 

Employees 

7 
0 

352 
1 

6 
0 

306 

1 

47 
0 

0 

NonemoloTees 

0 

Total 

7 

353 

6 

307 

47 

0 

Culabra  HospMal: 

30 

1 

419 
10 

12 

4 

405 
7 

38 
0 

0 

Nonemployees 

0 

Total 

37 

429 

16 

412 

38 

0 

Empire  Hospital: 

EmnloTeM ...........  . 

12 

322 

1 

265 

68 

0 

Las  Cascadas  Hospital: 

Emnloyees 

'8 

205 

5 

2 

1 

196 
3 

21 

1 

0 

0 

13 

310 

3 

198 

22 

0 

Bas  Obispo  Hospital: 

Employees 

9 

277 

3 

246 

37 

0 

Qoroana  Hospital: 

Employees 

8 
0 

184 

7 

3 
3 

150 
4 

30 
0 

0 

Nonemployees 

0 

Total 

8 

191 

6 

154 

39 

0 

Oatan  Hospital: 

15 
0 

816 
2 

7 

1 

730 
0 

94 

1 

0 

Nonemployees 

0 

Total 

16 

818 

8 

730 

96 

0 

Total  number  of  empli^ees  remaining  in  hos- 

pltal9 

781 

1    .   . 

Grand  total 

1,130 

27,623 

929 

24,696 

1,997 

1,138 

Cost  of  subsistence: 

Number  of  days'  ratioDS  Issued  to  patients 399,880 

Total  cost  of  rations  issued  to  paUents $123,116.86 

Cost  of  subsistence  per  patient  par  day 10. 3063+ 

Operating  expenses: 

Number  of  days' relief  ftimished 399,880 

Total  cost  of  hospitals 1687,922.289 

Cost  per  patient  per  day $1.72 
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ContoUdaUd  ddt  camp  report^  fiaeal  year  19€7-8. 


Porto  BeUo.. 
San  Pablo.... 
PMlro  Miguel. 

La  Boca. 

Tlvoll 

Cristobal 

Corozal 

Tabernilla.... 

Qatun 

Qorgona. 

Bas  Obispo.. 

Ifiraflores 

lAsCascadas 

Paraiso 

Culebra 

Empire 


Total. 


Slckoampa. 


Bonain- 
inf  Jane 
ao,1907. 


6 


4 
U 


5 
2 

7 
6 
9 

ao 


1 

12 
3 

8 


93 


Admitted 

andex- 

eosedfor 

quaiten. 


1,386 
506 

993 
3,292 
2,621 

907 
1,354 
2,726 
3,130 
3,080 
2,179 

461 
1,548 
2.991 
2,577 
4,161 


33,842 


Died. 


0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
7 
2 
4 
1 


17 


Dis- 


434 

772 
3,109 
2,576 

761 
1,026 
1,972 
2,732 
2,667 
1,873 

361 
1,380 
2,822 
2,246 
4,084 


29,801 


Tnos- 
feired. 


397 
67 
145 
187 
40 
14D 
330 
7S1 
380 
415 
315 
100 
151 
170 
302 
67 


3,957 


Cost  of  subsistenoe: 

Nmnber  of  days'  rations  fssoed  to  patients. 

Total  cost  of  rations  issued  to  patients 

Cost  of  subsistenoe,  -pes  patient,  per  day. . . . 

Operatine  expenses: 

Numoer  of  da^'  relief  ftiznished , 

Total  cost  of  sick  camps , 

Cost,  per  patient,  per  day 


tl2 


153.  x'^ 
$ 


Consolidated  hospUal  and  nek  camp  report. 


Hospitals.. 
Sick  camps. 

Total. 


Remain- 
ing June 
30,1907. 


1,130 
93 


1,232 


Admitted 
and  ex- 
cused for 
quarters. 


27,523 
33,842 


61,366 


Died. 


929 
17 


946 


Dis- 
charged. 


24,596 
29,801 


54,309 


Trans- 


1,997 
3,957 


Ren  J 
ic; ' 
3t'.  1*  ■ 


5,954 


Total  admissions  to  hospitals  and  sick  camps  (including  employees  excused  from  work  for 
quarters)  during  year 

Less  patients  transferred  from  one  hospital  to  another,  from  sick  camps  to  hospitals,  and  from 
hospitals  to  Taboga  Sanitarium,  whose  admissions  are  duplicated 


i>: 


Net  admissions  to  hospi  tals,  sick  camps,  and  employees  excused  from,  work  for  quarbers .  '^ 

Cost  of  subsistence: 

Number  of  days'  rations  Issued  to  patients ^^ 

Total  cost  of  rations  issued  to  patients 3134,  >-^ 

Cost  of  subsistenoe,  per  patient,  per  day > 

Operating  expenses: 

NimiW  of  (lays'  relief  furnished  patients. ^ A*"" 

Total  cost  of  hospitals  and  sick  camps 3741,H' 

Cost  per  patient,  per  day |i 

Consolidated  dispensary  report^  fiscal  year  Id&JS. 


Class. 

White. 

Black. 

Tot. 

Employees 

212,347 
19,338 

135.077 
10,027 

K 

Nonomployoes -     -  - 

Xi 

.rt 

Total 

231,686 

145,104 

Operating  expenses,  dispensaries:  Total  cost  of  dispensaries,  $188,736,443. 
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Average  number  of  employeet  cofutanUy  tick  during  year  in  hospitaUj  sick  camps,  and 

qtuxrten. 


White. 

Black. 

Total. 

.\ncon  HosDital .._ 

223.38 
101.33 

218.19 

139.58 

.43 

441.67 

Colon  UosDital 

240.91 

Palo  Rfyyi  T^nMT  AsPVlnni    , .....rrr 

.43 

Tfthnira  Sftniwiixm    - , . .  -  

46.97 
1.16 
3.61 
964 
9.12 
1.68 
8.84 
2.33 

2a  60 

46.97 

Mlrafloras  Hospital 

ia77 

6.61 
7.66 
6.37 
.78 
6.06 
6.47 
12.33 

11.03 

Paraiso  Hospt&l 

9.12 

Culebra  Hospital -  - 

17.30 

EniDlrB  HoSDital rr,-- - 

14.49 

Iaq  Cascadas  Hospital r...r. ..,,-.,. x 

2.36 

Bas  ObiSDO  HosDiial 

13.89 

ff oreona ITosDital ............. ..,-r -- - 

7.80 

Gatun  HosDlial ,..,,.,-, -^.,  —  ^.^ 

32.93 

Total y 

427.56 

411. 14 

838.70 

Average  number  of  white  employees  sick  daily  in  hospltab,  per  thousand 

Average  number  of  black  employees  sick  daily  In  hospitals,  per  thousand 

Average  number  of  white  and  black  employees  sick  disilly  in  nospltals,  per  thousand . 


36.46 
13.26 
19.47 


Sick  camps  and  quarters. 

White, 

Black. 

Total. 

Tivoli 

3.74 
6.64 
3.95 
3.10 
8.48 
8.44 
9.02 
n.22 
7.27 
8.50 
5.62 
2.68 
3.53 
9.12 
6.14 
8.49 

3.88 
3.34 
2.23 
2.97 
4.06 
3.64 
4.78 
6.22 
2.23 
6.31 
4.45 
1.37 
9.46 
li42 
8.43 
4.68 

7.62 

La  Boca 

9.88 

Corozal 

6.18 

Miraflores .• 

6.07 

Pedro  MiKuel 

12.64 

Paraiso 

12.08 

Culebra 

13.80 

Empire 

17.44 

Las  Cascadas 

9.50 

Bas  Obispo 

14.81 

Oorgona .  .......        ^. ,,...,.. 

iao7 

San  Pablo , 

4.05 

Tabemilla J 

12.96 

Gatun 

23.64 

Cristobal 

14.57 

Porto  Bello 

13.17 

Total 

105.83 

82.47 

188.30 

Average  number  of  white  employees  sick  daily  in  sick  camps,  per  thousand 8. 77 

Average  number  of  black  emplovees  sick  daily  in  sick  camps,  per  thousand 2.66 

Average  number  of  white  and  black  employees  sick  daily  In  sick  camps,  per  thousand 4. 37 

Average  number  ot  white  employees  sick  daily  in  hospitals,  sick  camps,  and  quartezs 633. 30 

Average  number  of  white  employees  sick  daily  In  hospitals,  sick  camps,  and  quarters,  per  thousand .       44. 23 

Average  number  of  black  emplojrees  sick  daily  in  hoq>itals,  sick  camps,  and  quarters 493. 61 

Average  number  of  black  employees  sick  daily  in  hospitals,  sick  camps,  and  quarteis,  per  thousand.  15. 02 
Average  number  of  white  and  black  employees  sick  daily  In  hospitals,  sick  camps,  and  quarters. .  1, 027. 00 
Average  number  of  white  and  black  employees  sick  dal^r  in  hospitals,  sick  camps,  and  quarters, 

per  thousand 23.86 

* 
Report  of  all  surgical  operations  performed  in  hospitals  of  the  Isthmian  Canal  Commission 

for  the  fiscal  year  1907-8. 


Amputations: 

Arm 

Breast  (HalstMd's  operation). . , 

Disarticulation— 

Shoulder 

At  hip  (Wyeth's  operation). 

Feet 

Fingers 

Hand. 

Hip  Joint 

Leg 

Leg,  double  (Truma) 

Shoulder  Joint 

Thigh 

Toe 

Adenectomi 

Inguinal 

Femoral 

Axillary 

Cervical 

Supra-trochleor. 


iv: 
ai.. 


12 
2 

8 

2 

12 

4 

3 
1 

17 
1 
1 

13 
1 

376 
12 

1 
13 

1 


Abscess  r 

VentraL 

Psoas,  lumbar  incision. 

Ischiorectal 

Incised 

Arthritis   of  knee,   incised   and   drained, 

septic 

Curettage,  uterine 

CeUulitb  of  thigh  and  leg 

Excision  of— 

Breast. 

Ankle  Joint  (tubercle) 

Goitre. 

Fibro  lipoma  of  chest. 

Bmpyema: 

Resection  of  ribs 

Abscess  of  liver 

Eye,  ear,  nose,  and  throat  operations: 

Advancement — 

External  rectus 

Internal  rectus 


1 
3 
2 
7 

3 

20 

4 

1 
1 
1 
1 

32 
I 


3 
2 


996 


BBP(MtT  mrtnoAX  cavai. 


nj'i'iK  ;iri 


Etporio/aUturgictdopmaUonM 

/or  ike'faeal  year  i907-^;--Coiitmiie(L 


OnMxiror.ri..A'. 


■Dd  throat 

Abscess,  taciirjmial  ac.  r 1 

Adenoids 1 

Aural  polnil  lemoved 9 

Pterr^um 19 

Double 3 

Septal  resections 30 

Drainage  of  higfamore. 1 

Tonslllotoniy  with  nasil  mknKUKaf...  15 

Tonsillotomy 15 

Tracheotomy 5 

Cataract  extrartiaii. 14 

Cataract,  needled. 16 

After  cataract  discission 4 

LifratioQ  vessels,  iatersUtial  keratitis...  1 

Mastoid .' 8 

Frontal  sinus 6 

Ba&matoma.  auricle 1 

Myxomatous  polypi  removed. 4 

Nasal  potypL 14 

Trachoma- 
Rolled 12 

Expressions S 

Torsal  tumors,  incised  and  curetted.....  5 

Plastic  on  lEtfe  and  nose 1 

Plastic  for  ectropion 1 

Plastic  on  nose 4 

Plastic  on  eye 1 

Plastic  on  ear 1 

Plastic  on  lid 1 

Tenotomy 4 

Iridectomy 7 

Ossiculectomy 1 

Stricture  lachrymal  duct 3 

Parace  n  tests 61 

Furunile 12 

Enucleation  of  eye 10 

Papilloma  In  nose  removed 1 

Uvuloloriiy 1 

Eviscerition  of  eye 7 

Cauterization  of  turbinate  bones 4 

Kiliani 1 

Minor  e>-e,  ear.  nose,  and  throat  oper- 
ations   631 

Fractures — 

Skull 6 

Skull  with  hemorrhage 1 

Skull,  compound 6 

Spine 1 

>  ernur.  wired 3 

Comi)Ound — 

Wired  femur 9 

LeR I 

Thieh 8 

Infenor  maxilla 1 

Face  bones I 

Wri5t 1 

Ankle t 

Arm 1 

II  umerus 1 

Tibia  and  fibula 8 

Carf)als 1 

Wired  tibia 3 

Sniull  lx>nes 1 

Wired— 

Clavicle 1 

Ulva 1 

Radius  and  ulna,  wired 1 

Fl5tula  in  ano 3 

Fibromyeiiia  of  breast 1 

Hernia: 

Inguinal 106 

Dout.le 6B 

Doable  with  femoral  hernia. 1 

Straugulal^ed 8 

Ventral 8 

FeiTionil  strangulated 1 

Umbili'-al 4 

Fen. oral 2 

flemorrhoids 41 

Clamp  and  cautery 4 

Whilehea^l's 28 

Clamp  and  ligature 16 

Hyd  roc*le 47 

Double 6 

Radical 34 


AbMSBolliTtc. A 

Multiple.. 

I 

IT  sod  8Blpin|»rtom7. 
ly  for  dysBiUBcy. 
iiaet)le  pert 

of  spl 

sliimy 

CecoBtam J  for  drsenterr I 

Colostomy,  leCt  biguinaf I 

Clirtiasis  of  liver  (Sciiiassi^ 

ColDStonv,  doeore 

Closare  01  iecal  fistulft I 

DndJer's    nnnd    lig/unmt    so5pe£^> 

%ten — * 

Bmnd  lisiiment  wapeaao  nteri  %i.i 

ibeaaocxtiaee) > 

KzpkffAtorv  befntotomy 

Eztaaterme  prefnsac  J  nxpuned I 

Xetopic  0B8taDon. I 

Bntenonb^ihy  for  t  jpboid  pertor%!Liyr^  I 

OoBtadoD I 

GoDSixkt    voimd    of    intestines    anl 

Hystenmyomectocny 

Hjstenctom  J  sod  sppendectamr -j 

Hystanctomy 

Hwuotiliage.  traomatie \ 

latesdrnd  obstnictioD | 

Lumbar  nephioUHny  lor  pyonephiosLv 

Mnlttple  gi^ric  okeis 

Ovsraui  cystectomy | 

Orailotomy ' 

Oophonctomy,  double 

Feme  inflammatory  disease 

Fejiyte  adheaons 

Paivte  abscass.. ..........-.-.- ' 

PiBritonltSs— 

Gounl I 

Appendkal  origin j 

Penbratioa,  typhoid  uker ' 

Appendix 

Ruptured  intestines 

Eooilnoooocus. 

Tuberculosis 

Tmonatie 

Amoebic 

Cbnoic,  with  fecal  fistula 

liOcaL 

PteWc 

liOcal  appendix 

Chnmic  adhesive 

And  appendecUnny 

Pnenmococcic 

PBti]Q>sterect(miy 

FlerityphUtis,  chronic 

Pnb^ne,  botti  ovaries 

Ruptured  spteen 

Rupture,  gastroKx^ic  omentum. 

Stab  iround  of  abdomen. 

8aipingtHX>phanctoaiy 

Salplng(HX^>borectamy  and  appeadeciomy. 
Salptngo-myomectomy  and  appeoadectoniy . 
Balptngnctomy,  double  and  appendectomy.. 

Splenectomy 

Subphrenic  abaoess 

Sigmoldapexy 

Talma. 

Ventral  faemia 

Vantral  suspension  of  uterus. 

Wound  of  abdomen 

Oophorectomy  and  appendectony 

Laminectomy 

Laminectomy  far  fracture  of  spine 

Orchidectomy 

Ocdiidectomy  and  lympiiangitis 

Osteomyelitis 

Perineorrhaphy 

Perineorrhaphy  and  tracfaeIorrtuq)hy 

Pneumonotomy 
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Report  of  aU  surgical  operations  in  hospitals  of  the  Isthmian  Canal  Commission 

for  the  fiscal  year  i907-^---Contmued. 


PneomonoxTb^liy 1 

Resection  of— 

Knee 1 

Rectum 1 

Wrist  (tuberculosis) 1 

Elbow  Joint 1 

Repair  of  lacerated  muscles  of  thigb 1 

Repair  of  lacerated  wounds  of  tracbea  and 

throat. 1 

Reduction  of  blp  dislocation 1 

Suture  of  lung  for  traumatic  bemorrbage. . . .  1 

Skin  graft 17 

Stricture  urethra: 

Internal  operation 3 

Perineal 4 

Stricture  urethra. 10 

Stricture  of  rectum 1 

Sequestrotomy  for  carles  of— 

In  ferlor  maxiUn 1 

Oscalcis 1 

Trachelorrhaphy ^. 9 

Trachelorrhaphy  and  p«1neorrbaphy 1 


Trephine  for  Jacksonlan  epilepsy 

Trephine  for  gunshot  wound  of  skull. 
Thigh,  stab  wound  Into  femoral  vein. 
Trephine  for  Intercranial  hemorrhage 

Trephine  for  fractured  skull 

Trephine  for  caries  of  calvarium 

Thoracostomy  for  pyopneumothorax. 

Thoracostomy  for  trauma 

Throplasty,  Schede's  operation 

Thyroidectomy 

Urethrotomy: 

Perineal 

Internal 

Varicose  veins 

Varicose  veins  (If  ayo) 

Varicocele 

Various  msjOT  operations 

Various  minor  operations 


Total  (mivior  operations.  2,105;  minor 
operations,  3,^) 


1 
1 
1 
1 
8 
1 
1 
1 
1 
1 

22 

29 

2 

4 

40 

216 

2,755 


6,491 


Consolidated  laboratory  report  of  all  hospitals. 


Blood  ezBmlnatkms. 

^stivo<autumnal 

Tertian,  single 

Tertian,  double 

Tertian  and  ffistivo-autunmal 

SplrriUum  obermeleri 

luxed  sBstivo-autumnal  and  oiescents . 
Mixed  sstivo-autumnal  and  tertian... 


Widal  reactions  (positive  86) . 
JBstivo-autumnai  and 


and  double  tertian. . . 

Triple  tertian 

Spirrlllum  obenneieii 

Ouiao-tuipentlne    tests    for    invisible 

blood 

Leucoc]rte8. 

Blflerential  counts .*. 

Hemoglobin  estimations 

Red  blood  cells 

White  blood  cells 

Erythrocyte  counts 

Filarial  infections 

Negative 

Diirerential  leucocyte  counts 

Hsemoglobln  determinations 

Stool  examinations 

Aacaris  lumbriooldes 

Unolnaria  ova. 

Tricocephalus  dispar 

S  trongsrloides 

Bilharzia 

Oxyuris 

Tenia 

Amoeba  coll ,. 

Amoeba  dysenteria 


18,983 

4,4S1 

2,532 

252 

153 

4 

12 

1 

677 

5 

2 

30 

295 

1,422 

285 

137 

139 

60 

1 

98 

6,358 

173 

2,352 

20,566 

1,456 

2.295 

3,463 

682 

33 

4 

25 

758 

54 


Stool  examinationa^Continued. 

Ciliated  monads. 633 

Pus  and  blood 1,093 

Balantidlum  coli 25 

Tubercle  bacilli 11 

Ova  of  ankylostomum  duodenale 633 

Ova  of  schistosomum  hemotohi  um 6 

Ceroomonas  Intestinalis 321 

Negative 4,668 

Badllus  tuberculosis  (positive  3) 37 

Flagellated  monads 406 

Urine  examinations 23, 006 

Albumen 7,827 

Albumen  and  casts 1,107 

Sugar 17 

Urethral  discharge 1 

Oonooocci 6 

Urinaly^ 13 

Pus  and  blood 11 

Bacillus  tuberculosis  (negative) 26 

Bile 17 

Hiemoglobin 9 

Microscopical  examinations 682 

Indican 2 

Bence-Jones's  body,  positive 1 

Diazo  reactions  (positive  45) 223 

Sputum  examinations 1,494 

~ 206 

15 

1 

1 

1 

900 

77 


Tubercular  bacilli. 

Pneumococci 

Amoeba 

Hydrocele  fluid 

Pleural  effusion 

Negative 

Examination  of  pus,  blood,  and  tissues. 


Post-mortem  examinations. . . 
Embalming. 


Pathological  report.<^ 


424 

4 

Celloidin  secttons  examined 206 

Post-mortem 802 

Operative 218 

Bacteriologicai  examination  of  catgut  (nep^ve) 7 

Wright's  stain  prepared  (c.  c.) 2,860 

Cultures  fh>m  ^lenio  puncture  (negative) 3 

Paraffin  sections: 

Post-mortem 733 

60 

33 

2 

2 

5 

1 

11 

33 

6 

3 

I 


Operative 

Exanunatton  of  exudates 

Examlnatfon  of  fetuses 

Smears  for  treponema  paQldium  (positive  1) 

Gastric  contents 

Examlnatfon  of  stomach  contents 

Blood  cultures 

Miscellaneous 

Lumbar  punctures. 

Examination  of  smears  for  bacillus  leprae  (negative) 
iDOCulation  of  guinea  pig 


a  Addittonal  work  performed  of  this  nature  appears  under  sectfon  "  Board  of  health  laboratory." 
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LabarcUary  rtport. 


hlofA  t;X2Lrr.:r^l.oTj 9.502 

-E  •   -  j-i  .•  i:i-.'^ 2,354 

l*-r  u-    .  r./>^ 1,M8 

< ' •  • ^o.   <  '  <'{^. ............... ....... 

T  ••  r  i -:  ir.  l  i#- ' .  vo-autumnal 

.S:  r  ..  ir:  o  ^-rrrf^  r 

W  xr*!  -f.-r  vo<ij'Mr.'..^Al  an*l  crescents. 

Bk»l  (ij'i:.* 

I->.:r-r«r : 

Stool  f-x.i.:.. 

.\  V  -ir.  i  1  'ITT.  *.  rx-oides . 

T;r>  .r.if  -i  ova 

7r '  'x:if'j,r.-.l'i5  Jopar 1,393 

.ST;'  -'VlOKi^ 202 

h.\r  .rz.A, 


107 

57 

4 

12 

1 

«1 

'^ 725 

•  il  co'i-.t' 260 

.'lO'  .:. » junctions 115 

vxl  (.*LL? 8 

vlooi  wil5 13 

,.r.jr  OM 10.803 

mi 

1,617 


28 

3 

25 


Sioo!  ei>miimtkM— caniinDgd, 

Amcebfteofi 

Amcpba  drsentertt 

Ciliated  monads 

Pusaod  bk)od 

BalanUdiam  coli 

Tubercle  bacilli 

Urine  examinatMMis 

AlbanMn. ., 

Albomen  and  casts 

Sagar 

Urethral  diacbarsB 

Gonooood 

Urinalysts 

Pus  and  mnctB 

^utum  examinations 

Tubencolar  baciilj 

Pnemnocooci 

AmcEba 

HydrocUe  fluid 

Pleiml  eSosion 

Examination  of  pas,  blood,  and  tissues. 


it  ♦      -  ^^ 


4 
I 


OprrationM. 


ArnputatJons: 

w 

Tro'jl 

.Sr>'juMer  Joint 

H  .'I'l 

1  [ : p  joint 

Tru^'h 

Jj-v.  doiilile  (trauma; 

i*  rirf-arrn 

Ari/i 

Aden'<rorr»y: 

lTi/niii:il 

Iriv'uitial  rin<!  frtntoral  double,  fll  ltioI. 

IriK'Uinal,  double. 

>Vrrior;il 

A  xillary 

(>'r\  ICfil,  Ul\*iTf\ll0US 

'cer  of  l>rf:abt  (Iluistead's  operation;.. 


10 
11 
1 
2 
1 
3 
1 
2 
3 

220 
1 

19 
1 
1 
6 
1 


cureiia^  otsn......... 

Excision  of— 

Breaat 

Ankle  Joint  (tubercle) 

Ooller 

Empyema: 

Resection  of  ribs 

Simple  naoction 

Beers  reeection 

Abscess,  liver 

Eye,  ear,  nose,  and  throat  operations: 

Adyanoement— 

External  rectus 

Internal  rectus 

Pterys^mn 

Pteryilam,  double 

Septalresections 

Drainage  of  highmoie 
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OpenUioTu — Continued. 


Eye,  ear,  nooe,  and  throat  operatioDs— Con. 

TonsiloUuny  with  nasal  adenectomy 

TonsUotomy 

Tracheotomy 

Cataract  extraction 

Cataract,  needled 

After  cataract  diacission 

Ligation  vessels,  intentitial  keratitis 

Mastoid 

Frontal  sinus 

Plastic  on  fooe  and  nose 

Plastic  for  ectropion 

Plastic  on  nose ^ 

Plastic  on  ear 

Plastic  on  lid 

Tonotomy ^ 

Iridectomy 

Ossioilectomy 

Stricture  lachrymal  duct 

Paracentesis 

Furuncle 

Enucleation  of  eye 

Pa}>illoma  In  nose  removed 

Uvulotomy 

Evlsoeretlons  of  eye 

Cauterisation  of  turbinate  bones 

Klllanl 

Minor  eye,  ear,  nose,  and  throat  opera- 
tions  ^ 

Fractures: 

SkuU 

Skull  with  hemorrhage « 

Skull,  compound 

Spine 

Femur,  wired 

Compound- 
wired  femur 


10 


8 


TWgh. 

Inferior  maxilla 

Face  bones 

Wrist 

Ankle 

Arm 

Humerus 

Tibia  and  fibula 

Carpals 

Wired  tibia 

Small  bones 

Radius  and  ulna,  wired 

Flbromyema  of  breast , 

Fistula  in  ano 

Hernia: 

Inguinal 

Double 

Double,  with  femoral  hemla. . . 

Strangulated 

Ventral 

Femoral,  strangulated 

Hemonrholds 

Clamp  and  cautery 

Whitehead 

Clamp  and  ligature 

Hydrocele 

Double 

Radical 

Kidney,  exploratory  and  decapsulation. 
Laparotomies,  for— 

Abscess  of  liver 

MulUple 

Appendectomy 

Appendectomy  and  salpingectomy. 

Blood  cyst  of  spleen 

Choleoystostomy 

Cecostomy 

Ceoostomy  for  dysentery 


300 

5 
1 
0 
1 
3 

9 
1 
1 
1 
1 
1 
2 
1 
1 
8 
1 
1 
1 
i 
1 
2 

110 
56 
1 
3 
4 
1 
41 
1 
9 

le 

25 
3 
6 
1 

22 
1 

28 
2 
1 
4 
7 
2 


1 
1 
1 
9 

6 
2 
4 

1 
1 
1 

12 
2 
1 
1 
1 
5 
2 


2 


Laparotomies,  for— Continued. 

Colostomy,  left  inguinal 

CliThosisofllver(Schiassi) 

Colostomy,  closure 

Dudlev's  round  ligament  suspenslo  uteri. 
Round  ligament  suspenslo  uteri  and  ap- 
pendectomy  

Expiratory  (hemorrhage) 

Exploratory 

Extra  uterine  pregnancy  ruptured 

Ectopic  gestation 

Gestation 

Hysteromyomectomy 

Hysterectomy  and  appendectomy 

Hemorrhage,  traumatic 

Intestinal  obstruction 

Multiple  gastric  ulcers 

O  varun  cystectomy 

Pelvic  Inflammatory  disease 

Peritonitis— 
General— 

Appendlcal  origin 

Penoratlon,  typhoid  ulcer 

Appendix 

Ruptured  intestines 

Eoddnocoocus 

Tuberculosis 

Traumatic 

ChroDlo  with  fecal  fistula 

Local 

Pelvic 

Local  appendix 

Chronic  adhesive 

Peritonitis  and  appendectomy 

Perityphlitis,  chronic 

Pelvic  abscess 

Ruptured  spleen 

Stab  wound  of  abdomen 

Salplngo-oophorectomy 

Salplngo-oophorectomy  and  appeiidecto- 

my 

SalpingD-myomectomy  and  appendecto- 
my  

Subphrenic  abscess 

Ventral  hernia 

Oophorectomy  and  appendectomy 

Laminectomy 

Orchldectomy 

Oichldectomy  and  lymphangitis 

Osteomyelitis 

Perineorrhaphy 

Perineorrhaphy  and  trachelorrhaphy 

Resection  of— 

Knee 

Rectum 

Wrist  (tuberculosis) 

Suture  of  lung  for  traumatic  hemorrhage 

Skin  graft 

Stricture  urethra: 

Internal  operation 

Perineal 

Stricture  of  urethra 

Trachelorrhaphy 

Tradielorrhaphy  and  perineorrhaphy 

Trephine  for  j  aoksonlan  epilepsy 

Thigh,  stab  wound  Into  femoral  vein 

Ureuirotomy: 

Perineal 

Internal 

Varicose  veins 

Varicose  veins  (Mayo) 

Varioocele 

Various  major  operations 150 

Various  minor  operations 863 


3 
8 
5 

1 

1 

1 

1 

14 

3 

4 
10 
9 
1 
1 
1 

6 

10 

2 

4 

14 


Total  operations 2, 431 


DUpenmry  report. 


ClasB. 


Isthmian  Canal  Commission  employees 
Nonemployees 

Total 


soo 


KBFOBT  ISTHKlAy  CiJTAL  COICHIBBIOK. 


Rkfokt  of  Gou>h  Ho^rtal. 


iBthmlan  CanaJ  rommisskn  emplojrf 

Panama  R.  R.  CTnpioyf»'S 

Ex-employees 

Pay  patipfits: 

Private 

Ilunici  pal 

Zone  charity 


30. 1M7. 


Admlt- 
tod. 


I 


83 


13 
16 
19 


4.W 

2,000 

47 


Died. 


Dis- 


Traas- 


454 


1ST 

93 

7 


90  I 
58 


4,676 

1,973 

70 

4B3 

351 
241 


148 


."« 


4 

3  : 

('•  ! 


Total. 


■| 


8,382  !    427 

I 


7.804  ■ 


JOl 


Avpragp  ntiTnb«*r  of  days'  treatment  per  patient  for  tti*  yev 

Av('nit»f>  num(>er  of «  hite  employes  ooostantly  aick  donns  yvar. , 
AvfTuf^  DumkHT  of  black  emplovens  constantly  sick  dmingjmr. . 
Avi>raf«^  DumU'r  of  white  and  black  employees  ooastently  nek... 
Cost  of  suhsistunoe  per  patk'At  per  dfty 


*       »  -«  'a 

•    r  - 


Nationality. 


Isthmian  Canal  rommisslcMi  empleyees. 

Panama  R.  R.  employees 

F'xH-mploypffi 

Pay  i»uti»'ht5: 

Private 

Munifl  pal , 

Zone  charity 


Other  nations. 


White.  ;  Colared. 


832 

257 

13 

125 
10 
33 


I 
3 
0 

0 

4 
0 


Xnr:r-' 


White.  >  CdoKd.  I 


1,961 

267 

12 

215 
84 
70 


Total. 


1,270 


14 


2,361 

.« 

'  * 

l,b4r> 

•» 

— 

53 

aoB 

7*^ 

372 

4~ 

219 

•  • 

2,600 


4.852 


Wofd  lahoraiory  report. 


IWooil  examinations 8,764 

JE>\i\  o-au  t  uninal 1, 003 

T.rt  ian 1 ,087 

M)it  i  vo-aut  iimnal  and  tertian 80 

Double  tertian 135 

Wi'lal  reactions  (positive  W») 577 

.^^stivo-auttmiiuii  and  double  tertian....         5 

Tnj)le  tertian 2 

Spirillum  ol)onneIt'ri 30 

Ix'ucoryte  counts 604 

Krvthrocvte  counts 1 

Filarial  infections 98 

Nek'ative 2,580 

Red  blood  counts 131 

White  blood  counts 47 

DitTerenlial  counts 26 

Ditlerential  leucocyte  counts 173 

1 1 a'inoj,'lol»in  estimations 16 

Nepifi\o  examinations 2,538 

Guiiiac- turpentine     tebts    for    Invisible 

bloo<l 295 

Ilccmoclobin  determinations 2,352 

Stool  examinations 9,647 

Ova  of  as<aris  lumbricoldes 784 

Ova  of  ankvlostomum  duodenalo 633 

Ova  of  unclnaria 656 

Ova  of  nxyuris  vennlcularis 1 

Ova  of  schislosomum  hjcmotobium 6 

Ova  of  tricocephahis  dispar 2,047 


Stool  ezaminationa— Continued 

Rhebdomena  strongyloidcs. 

Cercomonas  intestinalls 

Honads 

Necsttve  examinations 

Balantidlom  ooll 

AmoBbaooli 

Pus  and  blood 

BaciUus  tuberculosis  (positive  3). 

Flagellated  monads 

Bilhareia 

Sputum  examinations 

Positive  lor  bacillus  tuberculosis. 

Negative 

Pneumooooci 

Positive 

Urinalysis 

If  icrosoopical  examinations 

Albumen  (negative,  6397) 

Bence-Jones  body,  positive 

Sugar 

Negative 

DlaiEO  reactions 

PosiUve 

Hsemoglobin 

Indican 

BUe. 


♦  • 


Blood  and  pus 

BaciUus  tuberculosis  (n^atlve). 


Pathological  report 


Post-mortem  examinations 409 

ErnbalniinR 4 

Celloldin  sections  examined 206 

Post-mortem 892 

OpfTi^tive 218 

Ha<'t«'riological  examination  of  catgut  (nega- 
tive)   7 

Wright's  stain  prepare<l  (c.  e.) 2,860 

Cultures  from  splenic  punctunj  (negative)...  3 
Para  Hi  n  sections: 

Post-mortem 733 

Operative 60 


Examination  of: 

Exudates 

Fetuses 

Smears  for  treponcma  pallidlum  (positive,  i ; . 

Qastric  contents. 

Examination  of  stomach  contents 

Blood  cultures 

Miscellaneous 

Limibar  punctures 

Examination  of  smears  for  burillus    it  pn^ 

(necative) 

Inociuation  of  guinea  pig 
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OpereilionB, 


Abscess: 

Ventral 

Psoas,  lumbar  Incision 

Ischlo-rectal 

Abscess,  incised 

Amputattons: 
Xies— 

Upper  one-third 

Middle  one-fhird 

ILiOwer  one-third 

Ann: 

Middle  one-third 

Lower  one-third 

Foot 

Thleh— 

Middle  one-third 

Lower  one-third 

Thigh 

Breast  (Halstead's  operation). 

Disarticulation— 

Shoulder 

At  hip  (Wyeth's  operation) 

Adenectomy*.  ^ 

Inguinal  glands 

C^vlcal 

Femoral 

Bupra-trochlear 

Arthritis  of  knee  incised  and  drained,  septic. 

Curettage,  uterine 

CelluUtls  of  thigh  and  leg 

Eye,  ear,  nose,  and  throat  operations: 

Adenoids 

Aural  polypi  removed 

Abscess,  lachrymal  sac 

Cataract  extraction 

Cataracts  needled 

Enucleation  of  eye * 

E  visceraUon  of  eye 

Furuncle 

Haematoma,  auricle 

Iridectomy 

Mastoid 

Myxomatous  polypi  removed 

Nasal,  polypi 

Plastic  for  ec  tropion , 

Plastic  on  eye 

Pterygium 

Paracentesis «.. 

Membrana  tympanl , 

Of cornea 

Of  anterior  chamber , 

Trachoma— 

Both  eyes 

RoUed 

Expressions 

Toxsal  tumors,  incised  and  curetted 

^    Tonsillectomy 

Tonsillectomy  and  adenoids , 

Various  others 

Empyema,  resection  of  ribs , 

Excision  of  flbro  lipoma  of  chest 

Fractures  wired: 

Tibia 

Clavicle 

Ulva 

Compound,  right  thigh 

Fistula  in  ano 

Herniotomy: 

Inguinal 

Double 

Strangulated 

UmblUcaf. 

Ventral 

Femoral 

Hydrocele: 

Double,  with  scrotal  resection , 

Radical 

Hydrocele 


1 
3 
2 

7 


1 
1 
2 

3 
3 
1 

1 
4 
1 

1 

S 
2 

135 
7 

11 
1 
3 

14 
4 

1 
2 
1 
6 

15 
4 
3 
1 
1 
3 
3 
4 

14 
3 
1 

14 

16 
4 
4 


HcBMffrhoids: 

Whitehead's  operation 

Clamp  and  Cautery 

Laparotomies: 

Abscess  of  liver 

Appendectomy 

Appendostomy  for  dsrsentery. 

Amcebio  perforation 

Appendeoostomy 

Qosure  of  fecal  nstula 

Qiolecystostomy . 


27 
3 


« 
2 

1 
3 
3 


Esqploratory 15 

Eitploratoiy  fupture  of  liver 

Exploratory  hepatotomv 

Enterrorrhaphy  for  typhoid  perforation  . 
Oun^ot  wound  of  Intestine  and  messen- 

t«7 

Omiam's  round  ligament  operation 

Hysterectomy. 


Intestinal  perforation— 

Typh<«d 

Amoebic 

Lumbar  nephrotomy  for  pyonephrosis. . . 

Ovariotomy 

Oophorectomy,  double 

Peritonitis— 

General  (amcebie) 

Qeneral 

Toberoolons 

PneottoDoocIo 

Pelvic  adhesions 

Pelvic  adhesions  and  ventral  suspension. 

Prolapse,  both  ovaries 

Pelvic  abscess 

Panhysterectomy 

Rupturo  of  roleen 

Rupture  gasxnHX>lic  omentum 

Round  ligament  suspension  of  uterus 

Salplngo-oophorectomv 

Salpingectomy,  double  and  appendec- 
tomy  

Slgmoidopexy 

Splenectomy... 

Talma 

Ventral  suspBbslon  of  uterus 

Laminectomy 

Laminectomy  for  fracture  of  spine 

Orohideotomy 

Osteomyelitis,  tibia 

Perfneofrhiq>hy 

Pneumonotomy 

Pneumonorrhaphy 

of  lacerated  muscles  of  thigh 

of  lacerated  wounds  of  trachea  and 

kt 

Reduction  of  hip  dislocation 

Resection  of  elbow  Joint 

Sequestrotomy  for  OEtrles  of  Inferior  maxlUfle. . 

Sequestrotomy  for  caries  of  osoalcls 

Skin  graft ^ 

Stricturo  of  reottim 

Trephine  for— 

Ounshot  wound  of  tiniH 

Interoranial  hemorrhage 

Fractured  skull 

Caries  of  calvarium 

^oracostomy  for  pyopneumothorax 

Thoracostomy  trauma 

Throplasty.  Sehede's  operation 

Thyroidectomy 

Urethrotomy: 

Perineal. 

Internal r 

Varicocele 

Various  major  operations. 


1 
2 
3 

1 
1 
2 

2 
1 
1 
6 
1 

1 
2 
3 

1 
2 
1 
1 
2 

2 

1 

i 

3 
0 

2 
6 
I 
1 
2 
5 
2 
6 
3 
18 


16 
18 
26 
66 


Various  minor  oporations 670 

Total  operations 1,826 
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Dispentary  report. 


Class. 


White. 


Employees '       S,  521 

Nonemployees &0 

Total j       4,068 


.1. 


3,420 
1,070 


Tofj- 


1     * 


4,«0 


T 


K.  v> 


Report  or  Palo  Ssoo  Lbpbs  Ajbtluu. 


Class. 

Remain- 
lug  Jane 
30,1907. 

Ad- 
mitted. 

^"*i  chained. 

1 

1 

V*mvl           ^^^  • 

Isthmian  Canal  Commission  employees 

Pay  cases 

0 

10 

1 

2 

7 
1 

0 
0 
0 

1 

0 
0 

1 

o! 

0 

Charity  cases 

0  1 

•^     1                            *■ 

Total 

11 

10 

0 

1 

0                  J 

Average  numlier  of  days  treatment,  per  patient,  for  the  year j« 

A  veraRo  number  of  black  employees  constantly  sick. •'  -»- 

Cost  of  subsistence,  par  patient,  per  day |i  ^. 

Nationcdity. 


Class. 


Isthmian  Canal  Commission  employees. 

Pay  ttises 

Charity  cases 


Total. 


Nomber 
treated. 


I 


2 

17 

2 


21 


Americans. 


White. 


0 
0 
0 


C(d«ed. 


Other  natioBs 


White. 


0  • 

0 

0 


0 

o 
o 


ColoTv, 


Report  of  Tabooa  Santtarium. 


Class. 


Employees 

Chihlri'n  under  4  years  (no  pay) 

Fiutiilios  of  omployws  (pay  patients). 

Chiirity  casos 

Nou«mpIoy<H»«  (pay  patients) 


Total. 


Remain- 
ins  June 
30,1007. 


0 
7 
0 
0 


40 


Ad- 
mitted. 


2,400 

46 

fiSO 

1 

6 


3,033 


Died. 


0 
1 
0 
0 
0 


Dis- 
charged. 


2,300 

45 

587 

1 

6 


3,038 


R«=iiia*r.- 
in«  J.  > 

31 V  !'.*>> 


S- 

0 
0 
0 


A  vorairo  number  of  days  treatment,  per  patient,  for  the  year. 

A v<'riii{o  niiml)or  of  white  employees  constantly  sick 

Co.st  of  subsistence,  per  patient,  per  day 


•a  :r.^ 


Nationaliiy. 


Class. 


Em  ployees 

Children  under  4  years  (no  pay) 

FaniiUt\s  of  employw^s  (pay  l>atients). 

Charity  cases 

Nonemployees  (pay  patients) 


Total 


Number 
treated. 

Americans. 

White. 

Colored. 

2,433 

46 

687 

1 
6 

1,660 

46 

678 

0 

6 

0 
0 
0 
0 
0 

3,073 

2,290 

0 

Other  nations. 


White.      Coloml 


T73 : 

0  : 
0 
1 
0 

783 


e 
0 
I' 
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Report  of  Mibaflorbs  Hospital. 
[Hospital  in  operation  foar  months  of  fiscal  year.] 


Employees 

£x-emiployees. 

Pay  cases 

Charity  cases. . 


Total. 


Class. 


Remain- 
ing Jane 
30,1907. 


Ad- 
mitted. 


5 
25 
67  ' 
22 


41 
12 
55 
26 


110 


134 


Died. 


Dis- 
charged. 


6 
2 

7 


0 
25 
90 
24 


22 


157 


Trans- 
ferred. 


31 
10 
16 
17 


74 


Remain- 
ing Jmie 
30,1908. 


0 
0 
0 
0 


0 


Average  number  of  days  treatment,  per  patient f  8. 07 

Cost  of  subsistence,  per  patient,  per  aay fO.  257 

Average  number  of  employees  constantly  sick: 

white 1.16 


Colored 10.77 


Nationality. 


11.93 


Class. 


Employees 

Ex-emplojrees 

Pay  cases 

Charity  cases.. 


Total. 


Americans. 

Number 
treated. 

White. 

Colored. 

46 

37 

122 

48 

0 
0 

1 
2 

0 
0 
0 
0 

.    253 

3 

0 

Other  nations. 


White.     Colored. 


9 
2 
7 
4 


22 


37 

35 

114 

42 


228 


Laboratory  report. 


Blood  examinations 50 

Tertian 3 

.fistivo^utumnal 10 

Negative 21 

Stool  examinations 0 

Ascaris  lumbriooides 2 

Undnarlaova 1 

Negative 5 


Urine  examinations 73 

Albumen 12 

Casts 2 

Negative 38 

Sputom  examinations 11 

TubendebadlU 7 

Post-mortem  examinations 9 


Operatioiu. 

Amputation  of  leg 1 

Minor  operations 13 

Disperuary  report. 


Class. 

White. 

Colored. 

Total. 

Employees 

3,614 
24 

3,311 
68 

6.925 

Nonemployees - 

92 

Total 

3,638 

3,379 

7,017 

Sick  camp  report. 


Class. 

Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30.1908. 

Employees 

0 

461 

0 

361 

100 

0 

Average  number  of  days  treatment,  per  patient 3. 04 

Average  number  of  employees  daily  sick  in  camp  and  quartOTs: 

White 3.10 

Colored ,,,.,.,..,,.,,,,. ,,.-.,,,,.,.,,,,, 2.97 
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Rbpost  of  Pabaho  Hostral. 

[Ho^tal  in  opsntioB  six  hmqIIu  of  flKal  ymuJ] 


Isthmian  OuaaX  Commiasion  emplojMs. 

Panama  Railroad  amitloyeeB. 

Nonemplayoe 


Total. 


Remain- 
30, 1W7. 

Admits 
ted. 

DM. 

dbatgnA. 

7 
0 
0 

342 

10 

1 

5 

1 
0 

300 
6 

1 

7 

3S3 

6 

307 

Trans- 
BBireii. 


■  W  f     ■ 


44 

3 
0 


47 


Average  nmnber  of  days  treatment^  per  patient.. 
Averaee  number  of  employees  ctmstantly  sick: 


kite. 
Colored. 


3.«1 
5.51 


Cost  of  subsistence,  per  patient,  per  day >-  •» 

NoHonalitif, 


Class. 

Nnmb«r 

1 

AmMfeans.             Otho-  n&'K^^ 
1 

tzeated. 

White. 

( 
OolaMd.  1   Whit&    Coi.^ 

Isthmian  Canal  Commission  employees 

349 

5 
0 
0 

1 
0  ,           153 

Panama  Railroad  employees. .'..' 

10 

1 

0  '              0 

Nonemployee 

Total 

0                 0 

360 

5 

0              153 

1 

Laboratory  report. 


Urine  examinations: 

Negative 10 

EpithaliaB  casts 1 

Epit liel  cells 2 

Gonococciis 4 

Granulated  casts 1 

Albiiinen 3 

Mucus 6 

Urethral  discharge 10 

Blood  examinations: 

Aesti  vo-autiminal 92 

Tertian 30 

Negative 107 


Stool  examinations: 
Aal^lostoma. . . 
Negative 


Blood  and  mucus 

Trioooephalus  dispor. . . 

Pus  and  blood 

AmcBba  dysenteria 

Sputum  examinations: 

Negative 

Tubende  badUi 

Post-mortem  examinations . 


Amputation  of  fingers. 


Operations, 

2  I  Minor  operations. 

DispenMory  repott. 


Class. 


Isthmian  Canal  Commission  employees. 

Panama  Ruilroad  employees 

Nonemployees 


Total. 


White. 

Colored. 

8,515 

0 

1,012 

1 
6,S6g 
104 
689 

0,527 

7,181 

Totii 
14  v< 

i.r 
It,  .^' 


Sick  camp  report. 


Class. 


Employees. 


Remain- 
ing  June 
30,1907. 

Admit- 
tad. 

Died. 

Dl». 
ohaifsd. 

12 

2,991 

2 

2,822 

faneo.   I  3p,  ;'.!'• 


170 


Average  number  of  days  treatment,  per  patient. 


(■  .'• 


Average,  number  dailv  sick  in  camp  and  quarters:  ^, 

White  '. ^  !^ 

Colored •^'^ 


1. 
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Report  or  Culebra  Hospital. 
[Hospital  in  operBtton  six  moatta  of  flacsl  year.] 


Claas. 


Employees 

Pay  cases 

Charity  cases. . 
Nonemployees 

Total... 


Remain- 
ing June 
30,  igo7. 


36 
0 
1 
0 


Admit- 
ted. 


410 
2 
5 
3 


37 


429 


Died. 


12 
0 
2 
2 


16 


chai;ged. 


405 
2 
4 
1 


412 


Trans- 
laned. 


38 
0 
0 
0 


38 


Remain- 
ing Jmie 
30,1908. 


0 
0 
0 
0 


A  verage  number  of  days  treatment,  per  patient,  for  the  year 6L  56 

Average  number  of  employees  constantly  sick: 

White 0.64 

Colored 7.86 

17.30 

Cost  of  siibslstenoe,  per  patient,  per  day 80i338 


NaHonalUy. 


Class. 


Employees 
Pay  cases.. 
Charity 
Nonemployees 

Total... 


Nomber  treated. 


White. 


260 
2 
1 
0 


263 


Colorsd. 


105 
0 
5 


208 


Americans. 


White. 


54^ 
0 
0 
0 


54 


Colored. 


1 
0 
0 
0 


Other  nations. 


White. 


206 

2 
1 
0 


209 


Coloied. 


194 
0 
5 
8 


202 


OpenUians. 


Amputations: 

Leg 1 

TWgh 1 

Arm 2 

Hand 1 

Laparotomy  for  perforation  of  intestines 1 

Laparotomy  for  ruptured  intestine 1 


Laparotomy  for  lacerated  wound  of  abdomen. .     1 

Internal  urethrotomy i 

Strangulated  hernia 2 

Inguinal  hernia 1 

Ventral  hernia 1 

Minor  operations 886 


Laboratory  report. 


Blood  examinations 577 

Aestlvo-autumnal 154 

Tertian 97 

Aestivo-autumnal  and  tertian 7 

Tertian,  double 10 

Heemoglobin  estimates 6 

Leucocyte 3 

Negative 231 

Urine  examinations 531 

Albumen  (negative,  205) 160 

BUe 6 

Microscopical  examinations 9 

Sugar 0 

Diaso  reactions,  negative 2 

rus  and  blood 3 

Albumen  and  casts 3 


Stool  examinatlDns 116 

Negative 30 

Amoeba  coll 9 

Ova  aacaris  lumbrlcoldes 5 

Amcsba  dysentery 4 

Blood  and  mucus 7 

Ova  of  uncinarla 22 

Ova  of  tricocephalus  dispar 13 

Strongyloldes 12 

Ceroomonas  Intestlnalis 6 

Sputum  examinations 26 

Negative 11 

Positive  for  tuberculosis  bacilli 10 

Pus  cells 1 

Poet-moirtem  examinations 15 


Dispenaary  report. 


Class. 

White. 

Colored. 

Total. 

Employees 

26,610 
4,883 

13,152 
2,145 

30,762 

Nonempioyees 

7,028 

Total 

31,403 

15,207 

46,700 

57948— OS- 


-20 
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8ict  camp  reporL 


Oms. 


Employees. 


Rflnulih 
ingJune 

Admit> 
twL 

1 
Died. 

3 

2,577 

4 

Dis- 


2,246 


Traxjs- 

feneiL 


302 


}.-- 


»»   .« 


Avera^  number  of  days'  tieaUuMit,  per  patient,  in  sick  camp. 
Averaee  number  dally  sick  In  camp  and 


9 


Colored 4> 

Rbpoht  or  Empibs  Hobpital. 
[Hospital  section  in  operation  four  montlis  ofllBal  year.] 


Class. 

m 

Remain- 
ing Jmie 
30,1907. 

Admit- 
ted. 

Died. 

IHs- 

1 
Trans-  J'.-' 

1 

Employees '            12 

322 

1 

265 

68 

Avoracp  number  of  days  treatment,  per  patient,  for  the  year 

A  veraco  nuraber  of  white  employees  constantly  sick 

A  venire  numlwr  of  bbu;k  employees  constantly  sick 

Average  niiml)er  of  white  ana  black  employees  constantly  sk^ 

Cost  of  subsistence,  per  patient,  per  day > 

NatUmaliiy, 


Class. 

Number 
treated. 

Americans. 

Other  mt:i 

White. 

Cokired. 

t 
White.  'Co' 

1 

E  mployoes 

334 

Q 

0 

20S  ' 

1 

Ditpefuary  report. 


Class. 


Eni[>Ioy<H^. 

Non-friiployct«. 

Total 


39,743  I       IS,  084 


Sick  camp  report. 


Class. 


Employ<»es. 


Remain- 
ing June 
30,  1907. 


8 


Admit- 
ted. 


4,161 


Died. 


Dis- 


4.0S4 


ierred.  /.jCm" 


67 


AvoraRe  nuniV>rr  of  days  treatmont,  per  patient,  in  sick  camp 

Averairo  niimljer  daily  sick  in  camp  and  quarters: 

Whito li  2? 

Colored *»■" 


1  *• 


17  « 
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Report  of  Las  Ca8Gaj>a8  Hospital. 

[Hospltel  in  opentkm  three  moiitlis  of  flaoal  ynr.] 


Class. 


Remain- 
Ing  June 
30,1007. 


Employees. . 
Charity  patie 
Pay  patients. 

Total.. 


18 
0 
0 


18 


Admits 
ted. 


206 
4 

1 


Died. 


2 
1 
0 


210 


3 


Dis- 
charged. 


105 
2 
0 


197 


Trans- 
ferred. 


21 
1 
1 


28 


Remain- 
ing Jane 
80,1006. 


0 
0 
0 


Ayerage  namber  of  days  treatment,  per  patient ^ 6.02 

Average  number  of  employees  constantly  sick: 

White 1.68 

Colored 78 

2.86 

Costofsubsistenoe,  per  patient,  per  day 10.84 

Nationalitiy. 


daas. 


Employees 

Charity  patients. 
Pay  patients.... 


Number 
treated. 


Total. 


218 

4 
1 


223 


Americans. 


White. 


6 
0 
0 


Colored. 


1 
0 
0 


Otharnatlons. 


White. 


147 
1 
1 


140 


Coloffed. 


66 

8 
0 


08 


Laboratory  report. 

Blood  examinations 110 

NegatiTe 66 

Aestivo-automnal 22 

Tertian 82 

Stool  examinations 0 

Ankylostomia *  2 

Negative 7 

Spataro  examinations 11 

Tubercle  badUi 1 

Negative 10 

Operations. 

Disarticulation  of  left  shoulder  joint 1 

Amputation,  thigh 2 


Dispemary  report. 

Class. 

White. 

Colored. 

Total. 

Emnlovees 

14,128 
1,806 

4,180 
023 

18,267 

Nonemnlovees -     -- 

2,731 

Total 

16,086 

6,062 

20,008 

^tdb  camp  report. 


Class. 

ing  June 
80,1007. 

Admit- 
ted. 

Died. 
7 

Dis- 
charged. 

Trana* 
fenpd. 

Remain- 
ing June 
80, 1006. 

Employes 

1 

1.648 

1,880 

161 

11 

Average  number  of  days  treatment,  per  patient 2.04 

Average  number  of  employees  daily  stck  in  camp  and  quarters: 

White 7.27 

Colored 2.23 

0.60 


808 


BEPOBT  ISTHMIAN  CANAIj  COMIOSSIOK. 


RspoBT  or  Ba8  Obispo  UosntAi^ 

(Hospital  in  opemtion  Ume  montfat  of  Itocol  j«v.l 


Class. 

Remain- 
ingJone 
a0,1907. 

Admit- 
ted. 

IHed. 

Pia-, 
dbwBtgtA. 

Tans-    '  ^'  "  - 

Employees 

9 

m 

8 

346 

27* 

Average  namber  of  days  treatment,  per  patient 
Average  number  of  employees  constantly  sick: 
WWte 


Colored 

Goat  of  subsistence,  per  patient,  per  day. 


Nationality. 

Class. 

Number  treated. 

Americana. 

Other  ta:..:^ 

White. 

Colored. 

White. 

Cotored. 

White,      C<C-> : 

Employees 

182 

124 

13 

0 

ISO 

Blood  examinations: 

Tertian 

Aest  i  vo-aut  umnal . 
Negative 


Labaratofy  report. 


DiipenMory  report. 


Class. 


ColoRd.  '     To  ^ 


Employocs 

Noneuiploy(»es . 


Total. 


13,8&2 


^     I 


Sick  comp  report. 


Class. 


Employees. 


Remain- 
ing June 
1  30, 1907. 

Admit- 
ted. 

Died. 
0 

Die- 
diaigied. 

30 

2,17D 

1,873 

Tf&ns- 


K.  - 

irz  ' 
I  3L'.  I 


315 


Average  num>»er  of  days  treatment,  per  patient 

Averat,'e  numJ)er  of  employees  daily  sick  in  camp  and  quarters: 
White 


aai 

Colored a  31 


Report  of  Goroona  Hospital. 
[Hospital  in  operation  three  months  oi  flsoal  year.] 


A 


Class. 


I  Reman- 
ing June 
,  30,  1907. 


Employees... 
Charity  cases. 


Total 


8 
0 


8 


Ad- 
mitted. 


184 
7 


191 


Died. 


3 

3 


Dis- 


R*-r:  . 

IV. i:  J 


150 

4 


154 


39 


Avempe  number  of  dnys  treatment,  per  patient 

Avoni'.,'!'  mimi)er  of  employees  constantly  sick* 

NN  lute .V,.?.i 

ColOH'd 5.  47 

Cost  of  subsistonoo,  per  patient,  i)Gr  day 
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Nationality, 


ClaaB. 

Number 
treated. 

Americans. 

Other  nations. 

White. 

Colored. 

White. 

Colored. 

Kir^jAvyvn t  ,  -  ^  -  r 

192 
7 

8 
0 

0 
0 

57 
0 

127 

ChaiitT  cases 

7 

Total 

199 

8 

0 

57 

134 

Laboratory  report. 


Blood  examinations: 

.fistlvo-autamnal . 

Tertian 

Negative 

Sputum  examinations: 

Tubercle  bacilli... 
Urine  examinations . . . 

Albumen 

Casts 

Gonococci 

Bile 

Pus 

Spermatoioa 


15 
57 

1 
30 
20 
2 
8 
5 
8 
1 


Urine  examinations— Continued. 

Negative 

Unoacid 

Stool  examinations: 

Tricooepbalus  dispar 

Undnaria 

Negative 

Ankylostoma 

Ascaris  lumbriooides 

Tricomonads 

Pathological  laboratory  report: 

Post-mortem 

Autopsy 


Operatiwiu. 


Amputations: 
Right  thigh. 

Toe 

Thumb 

Leg 

Finger 


1 
1 
4 
1 
3 


Fracture  of  rlpht  fibula 

Fracture  of  tibia  and  fibula,  right. 
Minor  operations 


17 
3 

6 
6 
11 
2 
5 
1 

2 
1 


1 

1 

52 


Dispensary  report. 

Class. 

White. 

Colored. 

Total. 

Employees 

19,591 
2,601 

11,879 
1,146 

31,470 

Nonemployees 

3,747 

Total 

22,192 

13,025 

35,217 

Sick  camp  report. 


Class. 


Emplo]ye8. 


Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

9 

3,060 

0 

2,667 

415 

Remain- 
ing June 
30,1908. 


Average  number  of  days  treatment,  per  patient 1. 24 

Average  number  dally  sick: 

White 5.62 

Colored 4.45 


Report  of  Gatun  Hospital. 
[Hospital  in  operation  three  months  of  fiscal  year.] 


10.07 


Class. 

Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30,  1906. 

Employees 

15 
0 

816 
2 

7 

1 

730 
0 

94 
1 

0 

Noncmploywn 

0 

Total 

15 

818 

8 

730 

95 

0 

Average  number  of  days  treatment,  per  patient 
Average  number  of  employees  constantly  sick: 
White 


3.70 


20.60 

Colored 12.33 


32.93 
Cost  of  subsistence,  per  patient,  per  day 10.22 
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NaaonaUiif, 


ClMi. 

Number  treated. 

Americus. 

Other  nat  •  . 

White.  1  Colored. 

White.   .Colofed. 

Wtkite.       Co- 

Emuloyees 

511 

320 

31 

1 

1 
0 

4H3 

Nooemptoyees 

1 

1 

0 

._*...>      .  .•  .•■••>••.>■>•>• 

Total 

512 

321 

32 

1 

4«iO  1 

D^Mp€nMOOFy  rtpoTim 


ClMi. 


Employees 

Nooemployeei. 


Total. 


Coloff«d. 


Tj-- 


10,005  ,         .1 

i&s  ,        : 


10,190 


I 


Sick  camp  report. 
llDdudei  Spillway  Camp.] 


Clasi. 


Employees. 


Rttnata^ 
lag  June 
301907. 

1 

Ad- 
mitted 

Died. 

Dis- 
ohafged. 

5 

3,130 

1 

2,732 

A  verage  nu mber  of  days  treatment,  per  patient 

Averdeo  number  dally  sick: 

White w  1 


Colored. 


14.  iJ 


Rkpobt  of  Santo  Tomas  Hospital. 


J.  J 


Class. 


Isthmian  Canal  Cornnitssion  employees. 

Panama  R.  R.  eniplo^'ees 

Pay  cases 

Charity  cases 


Total. 


30^1907.        *^* 

Died. 

Dis- 
cbarsed. 

0                3 

0<              3 

35            9^2 

06         3,005 

0 

0 

28 

311 

3 
3 
965 
2,;(W  i 

131  1        4,073 

330 

3,673 

Averiifie  number  of  days  trealmont,  per  patient il  • 

Average  nuin  ber  of  Com  mission  employees  constoaUy  slclc 

Average  numl^er  of  nonempioyees  constantly  sick 17-»  < 

Cost  of  subsistence,  per  patient,  per  day,  tO.68  silver  or  90  34  U.  S.  cufrancy. 

Natwrudihf. 


Class. 


Isthmian  Canal  Commission  employees. 

Panama  R.  R.  employees 

Puy  cases 

Charity  cases 


Number 
treated. 


3 
3 

1,007 
3.191 


Total. 


4,204 


White. 


0 

2 

9 

73 


83 


Colored. 


0 
0 
0 

a 


nation." 


White. 


Colcm' 


2 

0 

331 

770 


1,108 


.t  • . 


Operations. 


Major  operations, 
liluor  operations. 
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Dispensary  report. 


Class. 

While. 

Colored. 

Total. 

Natives.. 

257 
164 

864 
338 

1,121 

Foreigners 

9 

502 

Total.   , 

421 

1,202 

1,623 

Report  op  Pedro  Miguel  Dispensary  and  Sick  Camp. 

Dispensary. 


Class. 

White. 

Colored. 

Total. 

Employees -  -  - 

6,719 
558 

2,556 
424 

9,275 

N  onemployees 

A 

962 

Total 

7,277 

2,980 

10,257 

Sick  camp. 


Class. 

Remain- 
ing June 
30,1907. 

Admit- 
ted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30,1906. 

Employees 

4 

923 

0 

772 

145 

10 

Average  number  of  days  treatment,  per  patient 4. 23 

Average  number  of  employees  sick  dally : 

White &48 

Colored 4.06 


Report  op  San  Pablo  Dispensary  and  Sick  Camp. 
[Sick  camp  in  operation  eight  months  of  fiscal  year.] 

Dispensary. 

Class. 


12.54 


Employees 

N  onemployees. 

Total.... 


White. 

Colored. 

4,492 
56 

3,896 
254 

4,548 

4,150 

Total. 


8.388 
310 


8,096 


Sick  camp. 


Class. 

Remain- 
ing June 
30,1907. 

Admit- 
ted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30,1906. 

Employees 

0 

506 

1 

434 

67 

4 

Average  number  of  day»  treatment,  pei  patient 1.82 

Average  number  of  employees  sick  diuly: 

White 2.68 

Colored 1.37 


Report  op  Porto  Bbllo  Dispensary  and  Sick  Camp 

[In  oparatton  five  months  ol  fiscal  year.j 

Dispensary, 


4.06 


Class. 


Employees 
Nooempioy 

Total. 


Total. 


8,092 
170 


4,033  I        .1,329  '      8,262 


312 
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Sick  camp. 


Einployws. 


Admitr 
lad. 


1,386 


I 
I>ied.; 


Pis- 


Tl--' 


986 


Awnge  Dumber  of  days' traatineiitvptrpatiMit 

Average  number  of  employee!  sick  ^mij: 

White S.-^ 

Cdorod 4.'-»* 


-  I 


Report  of  Cristobal  Dispbhsart  ani>  Sick  Caicp. 

Dupenmay. 


Employees. . . . 
Nonempfcoyees. 


WUte.    1  Colored. 


12,373 
2,938 


7,769 
670 


Totri I      15,211 


8.439 


Sick  camp. 


Employees. 


Remsbi- 
ing  Jnne 
aOklflOZ. 

Ad- 
mlttAd. 

Died. 

Dls- 
chsrged. 

5 

807 

0 

761 

Trans- 


3ft.'.  i.«  * 


140 


Average  number  of  days'  treatment  per  patient. 
Average  number  daily  atck: 

White 


6ul4 

Colored a  <s 


Report  of  Tivou  Disprnbart  and  Sick  Camp. 

Diapeniory, 


-  4 


14.1 


Class. 


Employees 

Nonem'ployees . 

Total.... 


White,   j  Ooiored.  ,     To:^. 


4,589 
989 


4,806 

a»4 


1  ^s 


5,578  ,        5,200 


I". 


Sick  camp. 


Class. 


Employees. 


Remain- 
ing Jmie 
30,1907. 

Ad- 
mitted. 

Died. 

0 

2,621 

0 

Dts-     I    Tiana- 
chaxged.  I    (eired. 


inc  y-'  I 


2,576 


40 


Avrrage  number  of  days'  treatment  per  patient. 
Average  number  of  employees  constantly  sick: 
\Vlilte 


Colored. 


Report  of  La  Boca  Dibpsnsart  and  Sick  Camp. 

DiBpensary, 


3->» 


7'J 


Class. 


Employees 

Nonemployees. 

Total.... 


White.  I  Coiotwl.      Tou. 


14, 1«  I 

585 : 


11, 


14,733  ;       U,883 
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Sick  camp. 


1 

Qass. 

Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trana- 
ferred. 

Remain- 
ing June 
30,1908. 

Employees 

11 

3,292 

0 

3,109 

187 

7 

Average  number  of  dajrs' treatment  per  patient ^ a87 

Average  number  of  employees  constantly  sick: 

white 6.64 

Ck>lored 8.34 


0.88 


Report  of  Tabbbnilla  Dispensary  and  Sick  Camp. 

Diapensary. 


Glass. 

White. 

Colored. 

Total. 

Kmplojrees 

7,  on 

333 

12,196 
440 

20,167 

Nonflmployws. ...... 

773 

Total 

8,304 

12,686 

20,040 

Sick  camp. 


Class. 

Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

751 

Remain- 
ing June 
30,1908. 

Employees •. 

7 

2,726 

1 

1,972 

9 

Average  number  of  days'  treatment  per  patient 1. 91 

Average  number  of  employees  constantly  sick: 

Wiate 3.62 

Colored 9.46 


12.96 


Report  of  Gorozal  Dispensart  and  Sick  Gamp. 

DitpenBory, 


Class. 

White. 

Colored. 

Total. 

Employees 

6,618 
602 

3,047 
313 

10,660 

Nonemployees 

906 

Total 

7,206 

4,260 

11,466 

Sick  camp. 


Class. 

Remain- 
ing June 
30,1907. 

Ad- 
mitted. 

Died. 

Dis- 
charged. 

Trans- 
ferred. 

Remain- 
ing June 
30,1906. 

Employees 

2 

1,354 

0 

1,026 

330 

0 

Average  number  of  days' treatment  per  patient 1.82 

Average  number  of  employees  constantly  siok: 

White V... 3.96 

Colored 2.23 

6.18 
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Report  of  Board  of  Hmttk  Laboratory. 


Bacterloloeical  examination 

Municipal  water  suppliM 

Water  irom  ill  ten 

Water  from  Rio  Qrande  (spadial) 

Water  from  springs 

Water  from  tanks 

Water  from  oondenien 

Water  from  tank  carts  and  demijohns. . . 

Water  from  PaloSeeo 

W  ater  from  coolers 

W ater  from  rivers 

R  ain  water 

Water  from  cold  storage,  Cristobal 

Ice 

Milk 

Caramel  (sarsaparilla) 

Pus 

Carbonatod  soda  water 

Aerated  waters 

E  X  udates 

Blood  cultures 

Charcoal  filter 

Glanders  suspect  ^negative) 

Animal  from  chief  quarantine  officer 

Throat  cultures 

Blood  filtrate 

Phenol  sodique 

Flour 

Cultures  from  autopsies 

Chemical  and  bacteriological  examination 
of— 

Milk 

Flour 

Canned  rhubarb 

Agglutination  reactions 

Positive 

Chemical  analyses  of— 

Milk 

Wine 

Condensed  milk 

Ftissell's  brand  sterilized  milk  and  cream. 

Flour 

Linseed  oil 

Lard  oil 

Turpentine 

E  vajx^rated  milk 

Bav  rum 

MalUKi  milk 

Rum 

Babbitt  metal 

Wire  screening 

Rock 

•'Meatox" 

Chemical  examination  of— 

Urine 

Wire  s^Tecninp 

Sloma<^h  contents 

Milk  from  Ancon  dairy 

Breakfast  sirup 

Powder 

I^hinotas  oil 

Mineral  oil 

Jams 

Paints 

Dynamite  explmlers 

PlavoriuK  extracts 

G  asoline 

Sanitarv'  analyses  of— 

Water 

Water  from  Colon 


496 

1 

18 

3 

8 

216 

197 

1 

4 

49 

1 

2 

1 

1 

2 

12 

27 

44 

20 

250 

1 

1 

1 

2 

1 

1 

1 

20 


5 

1 

1 

1,783 

280 

3 

1 
2 
2 
1 
•  1 
20 
12 
1 
1 
2 
2 
4 
3 
1 
1 

2 

1 
4 
4 
1 
1 
1 
2 
2 
3 
1 
1 
1 


.lot. 


.k»: 


2 
1 


Sanitaij  analyaea  of-Contiimed. 

Water  from  Bmoa  Braok 

Water  from  Oorsonn 

Water  from  Comadio 

Water  from  Rio  Grande 

Water  frxHn  Hindi 

Water  bmn  Par^so , 

Water  frtnn  Oatmacillo  River. . . 
Anarof- 

Ofi^hito 

Foo&aldehvde 

Hvdrocyaxuc  acid 

Alum 

Kerosene 

Magnesia  oonent 

Detenninatlon  of— 

Chlorine  in  water 

Total  solids  in  water 

Specific  gravity  of  rock 

SalicYlic  acid  in  orlne 

HanCaen  fai  La  Boca  w»ter 

Preservatives  In  aerated  waters. 
Examlnatian  0^ 

Coffee 

Rat 

Ratpoiaon 

Stomach  contents 

Stools  for  tubercle  baciUi 

Sputum  for  tuberde  bacilli 

Bean  leedllngs.  ................ 

Urine 

Blood 

Leper  suspects 

Positive 

Pus 

Spatum 

Sewage 

Stools 

PhinotasoU 

Powder. 

Cows  for  tuberculosis  (negative) 

Blood  for  quirodietes 

guinine  urea  tablets 
ook 

Pathdoi^cal  tissues 

Maple  sugar  sirup 

Toxtoologbal  examination  of  stomach  con- 
tents  

Aerated  waters  for  preservatives 

Mosquitoes  for  identiflc&tion lots. 

Tissues  and  neoplasms  reported 

CeUoidin  and  paralBn  sectioQs  cut 

CeUoidin  sections  cut 

Pathological  sections  cut 

Frosen  sections  out 

Medico-legal  examinations. 

Sections  of  tissue  prqmred 

Autopsies 

Bodies  embalmed 

Post-mortem  examination  of  calf 

Preparation  of  sodum  citrate  (5,000). 
Preparation  of  absolute  alcohol  ( l  ,000  c.  c.) 
Rectification  of  anUin  oil  (1,000  c.  c). 
Standardisation  of   clinical  thennometers, 

lots • 

Preventive  treatment  of  jMoaona  Utten  tiT 

rabid  dogs. - 

Examinatto  of  rabies  suspects  (dogs) 


^'•■ 


Rfport  of  vaccinations. 


Panama 8,186 


Colon 

Mataohin 

Taboj^'a 

Eniijire 

Pedro  Miguel. 

Corozal 

Gor^'ona 

Paraiso 

La  Boca 

Oatim 

Tabernilla 

San  Pablo.... 


624 
40 

111 

320 
44 
72 

242 
52 
39 

187 
40 
68 


Mataohin. 

LasCasoadaa 

Cristobal 

Bohlo 

Culebra 

Porto  Belle 

LasSabanas 

Vaccinations  by  quarantine  oCB<^al8  at  po^ 
of  Panama  and  colon,  and  vaodnatioDs  »i 
ports  of  departure  or  en  route 


1.^ 

1. 


Total  Taodnations. 
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Statement  of  istues  of  quinine. 
[Kilo-i2.2046  pounds  avolrdajMlB.] 


Total  IswMS. 


Fuly , 

\uguat 

September. 

October 

^foveznber. 
December. 


ig07. 


January. . 
February. 

March 

April 

May 

June 


1908. 


Total I    1,162.100 


Average  issue  per  month 


Pounds 

Kilo. 

avoirdU' 

pois. 

15.157 

83.157 

137.000 

2B9.688 

86.444 

180.971 

200.561 

589.643 

134.887 

295.065 

17.251 

37.787 

274.083 

601.416 

57.600 

125.781 

16.225 

82.353 

68.871 

160.656 

48.600 

106.312 

36.681 

8b.241 

1,162.100 

2,542.019 

06.842 

211.835 

Oeneral  Mnttatton,  city  of  Panama. 

Street  cleaning  and  garbage  collection: 

Daily  average  number  of  men  at  work 57 

Daily  average  number  of  carts  at  work 16 

Total  number  of  loads  of  garbage  removed 4, 573 

Total  number  of  loads  of  sweepings  removed 1,465 

Catch  basins  disinfected times..  8,055 

Results  of  inspections  of  jrards: 

Houses  with  water  connection times  inspected . .  24, 966 

nouses  with  no  water  connection do 4, 020 

Houses  with  sewer  connection do 24, 074 

Houses  with  no  sewer  connection do 4, 603 

Traps  in  yards,  connected  with  sewer do 23, 588 

Tram  in  yards,  not  oonnected  with  sewer do 3, 909 

Wells  on  premises do 518 

Tanks  on  premises do 172 

Water  containers  destroyed 5,042 

Water-closets,  sood  condition times  inspected . .  23, 581 

Water-closets,  oad  condition do 3, 161 

Yards,  drainage  good do 23,305 

Yards,  bad  draixuge do 8,736 

Persons  notified  to  keep  premises  in  good  sanitary  condition  and  to  connect  with  water 

and  sewer 810 

Peraons  notified  to  connect  with  water  and  sewer 35 

Persons  notified  to  keep  their  premises  in  sanitary  condition 1,344 

Persons  notified  as  to  tiie  insanitary  condition  of  yards 3,280 

Persons  fined  by  local  authorities  for  insanitary  condition  of  yards 7 

Places  where  mosquito  larvee  were  found 5, 142 

Persons  warned  for  having  mosquito  larvs 2,853 

Peraons  fined  by  local  authorities  for  having  mosquito  larvir 16 

Anopheles  brigade: 

N  umber  or  linear  feet  of  ditches  cleaned 839, 420 

Number  of  linear  feet  of  ditches  dug 7, 075 

Weeds  and  grass  cut square  feet..  1,440,879 

Number  of  linear  feet  of  drains  cleaned  and  disinfected 30, 600 

Wells  filled 68 

Earth  used cubic  yards..  5,091 

Closets  oUed 699 

Drains  oiled : 3 

Cesspools  oiled 149 

Pools  oiled 22,030 

Sewers  oiled 17 

Chloride  of  lime  used pounds. .  340 

Trenches  oiled 1 ,  851 

Linear  feet  of  trenches  oiled 312, 900 

Tanks  oiled 24 

Traps  oiled 2 

Carbolic  acid  used barrels..  2 

Wells  oiled 97 

Pools  oiled 182 

Yards  oUed 3,962 

Holes  filled 1,209 

Ponds  filled 1 

Mosquito  oil  used barrels. .  345. 5 

Loaas  of  reliise  removed 3, 820 

Daily  average  number  of  carts  at  work 7 

Number  of  days  carta  worked 30C) 
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Tank  and  gutter  remoYal: 

Number  of  tanks  removed 

Nomber  of  bamb  remored _ 

Total  capacity  of  tanks  removed gaUons..        n..'>:< 

Disinfection  brigade  (for  pneomonla,  tabereolosis,  and  beriberi): 

Nomber  of  nouses  dianfeoted :v 

Number  of  houses  ftiTnteated i- 

Number  of  rooms  dlsinnoted :.:". 

Number  of  rooms  ftimieated U,  i* 

Number  of  cubic  feet  disinfected 4,5i«-  . 

Number  of  cubic  feet  fumigated 4,34*.  ^* 

Nimiber  of  houses  demolimed ;. 

Material  used- 
Alcohol galloDs.. 

Bichloride  of  mercury pounds.. 

Fonnaldehyde ^i^"^  " 

y^^ fc^: 

Pyrethrum do 7-^ 

Matches packages-  -  » ' 

Newspapers- 
Bundles 

Pounds :» 

Sulphor pounds..  9.:"' 

Chloride  of  lime do sCi,  :»s 

Destruction  of  rats: 

N um  ber  of  rata  caught  and  cremated 3 .  ~  •' 

Number  of  rat  traps  distributed i'.. 

N umber  of  traps  in  use -~ 

Bait  used pounds. .  :  " 

Rat  poison  used do 2^. 

Bread  used do *■ 

Cheese  used do >" 

Ham  used do 

Datruction  of  dogs: 

Number  of  dogs  poisoned 14. 

Poison  used,  strychnine ooxne..  l 

Ham  used pounds.. 

Beef  used do s 

Sick  inspection: 

Hotels  and  boarding  houses  inspected ::r 

Persons  reported  ill r 

Urinary  analyses  made,  (all  negative) 4 

New  buildings,  plans  submitted.to  the  health  olBoer  and  approved lj< 

Sanitation,  Colon  {including  Criatobal  and  Mount  Hope). 

Medical  inspection: 

Cases  reported  to  health  officer  by  medical  inspector 

Cases  Inspected  by  health  office  physioian -  \. 

Cases  sent  to  Colon  Hospital 

White  employees  reiwrted  to  h^th  officer \ 

Whi te  employees  inspected  by  health  office  phj^dan 7- 

Niimber  oi  smallpox  cases  reported 

Cases  reported  (colored)  and  sent  to  dispensary  firom  Gamp  Bl«rd %«' 

Quinine  ^prophylactic)  dispensed  to  laborers: 

Total  number  of  tablets  (5  grain)  dispoosed 2.v  "-* 

Total  doses  (ounces),  5  grains  to  ounce,  dispeosed IiV    * 

Average  numtxjr  of  doses,  tablets,  dispensed  daily 7 

Average  numtier  of  doses,  solution,  dispensed  dally i.' 

Banitation  of  Cristobal: 

Cans  of  garbage  removed 14^  r: 

Loads  of  yard  garbage  carted ^ 

Cans  of  night  soil  removed 3.^  -. ' 

Miscellaneous  loads  carted j.. 

Loads  of  dirt  carted :, 

Loads  from  storehouse 

Square  yards  of  street  cleaned 7,  MO  .< 

Tanks  removed 

Square  yards  of  street  sprinkled 3, 5&2.  '\ 

H ouse  screens  repaired Is- 

Stegomyia  mosquito  brigade  (Cristobal): 

Square  yards  of  vegetation  removea f«i5  v» 

Water  receptacles  overturned 1.  ' 

Water  recep tacles  collected 5"  »- 

Linear  feet  of  drains  cleaned 4i,   ,j 

Numlwr  of  feet  of  gutters  cleaned 1,74  / . 

Number  of  feet  of  new  drains  made 4  . » 

Pools  oiled I  .• 

Square  yards  of  pools  oiled <S.  •;•• 

Tanks  oiled 

Linear  feet  of  drain  oiled a'. 

Li  near  fee  t  o  f  drain  filled  in -j 

Tanks  overturned <- 

Square  yards  of  lagoon  cleaned <r 


o 


Beginning  October  1  serious  or  suspicious  eyes  only  visited  by  healtii  office  physician. 
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Stegomyla  mosquito  brigade  (Cristobal)— Oootlnae^. 

Square  yards  of  lagoon  fllled 60 

Number  of  crab  holes  oiled 132,661 

Number  of  crab  holes  worked 26,790 

Number  of  breedliiK  places  eradicated. 277 

Number  of  crabs  kmed 4,616 

Number  of  tanks  removed 70 

Number  of  barrels  covered 3 

Ash  cans  Installed 16 

Rats  caught 4 

Fumigation  of  Cristobal: 

Houses  ftimlgated 20 

Number  of  cubic  feet  fumigated 646,280 

Sanitation  of  Mount  Hope: 

Number  of  cans  of  garbage  removed 29,668 

Number  of  cans  of  night  soU  removed "..  26,408 

Number  of  square  yiaurds  of  vegetation  removed 206, 661 

Miscellaneous  loads  carted 660 

Number  of  square  vards  of  lagoon  cleaned 1,767 

Number  of  loads  or  yard  garbage  removed 220 

Number  of  square  yards  of  stzeet  cleaned 87,180 

Number  of  houses  fttmigated 1 

Stegomyla  mosquito  brigade  (Mount  Hope): 

water  receptacles  overtuzned 82,106 

Water  receptacles  cdleoted 66,475 

Breeding  places  eradicated 947 

Tanks  oDed 6,482 

Square  3rards  of  pools  oiled ^ 429, 627 

Barrels  covered 177 

Square  yards  of  street  cleaned 6,600 

Barrels  spigoted 67 

Square  yards  of  lagoon  cleaned  and  filled 2,400 

Square  yards  of  lagoon  deaned  only 2,064 

Square  yards  of  lagoon  filled  only 2,468 

Square  yards  of  veeetation  removed 2,976,384 

Number  of  fSset  of  drainage  made 49,429 

Number  of  feet  of  drain  cleaned 67, 168 

Sanitation  of  Mount  Hope  Cemetery: 

Square  vards  of  vegetation  removed 423,844 

Linear  feet  of  drain  made 1 ,  446 

Number  of  graves  graded 80 

Number  of  graves  dug 685 

Number  of  mterments 726 

Linear  feet  of  drain  cleaned 606 

Shrubs  planted 40 

Posts  removed 120 

Stumps  removed...'. 66 

Trees  cut 87 

Square  yards  of  grading  and  filling 320 

Square  yards  of  grading  made 7, 961 

O  rave  markers  pain  ted. 2, 046 

Disinterments 8 

Sanitation  of  Colon: 

Cans  of  garbage  removed 875, 482 

Loads  of  vara  garbage  carted 2, 197 

Cans  of  night  soU  removed 463,072 

Miscellaneous  loads  carted 861 

Square  yards  of  street  cleaned 9, 824, 987 

Cesspoob  cleaned 68 

Cesspools  filled 12 

Tanlcs  removed 109 

Nlght-soU  cans  installed 92 

Nlght-soU  cansretlred 1,254 

Loads  to  and  from  storehouse 60 

Loads  of  lumber  carted 315 

Water-closets  cleaned 209 

Houses  condemned  and  demolished 24 

Yards  cleaned 284 

Passaces  cleaned 78 

B  uUdmes  cleaned 21 

Water-closets  tom  down 22 

Private  lots  cleaned 386 

Nuisances  reported 862 

Notloes  served 1,278 

Nuisances  abated 1,124 

Cars  of  dirt  unloaded 917 

Linear  feet  of  drain  cleaned 3, 436, 260 

Linear  feet  of  ditches  made 1,230 

Rats  cauEh t  and  killed 3, 747 

Houses  cleaned 171 

Bauare  yards  of  pools  oiled 8, 390 

water  receptacles  treated 22,900 

DogskiUed. 100 

Cars  fumicated 1 

All  vards  in  Colon  hispected. 
Bolivar  street  tracks  cleaned  daily. 
Stpgomvia  mosquito  brigade  (Colon): 

Water  receptacles  collected 141,813 

Water  receptacles  overturned 10,886 

Square  yaras  of  pools  oiled 32,934 
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Stoffomvia  mosquito  brigade  (Colon)— CoDtiniml. 

Tanks  oUed 

Breeding  places  eradicated .* 

Linear  feet  of  new  dnUn  made i<- 

Namber  of  feet  of  drain  oteaned i 

Barreb  destroyed : 

Barrels  covered _ 

Square  yards  of  Tegetatlon  ramoTcd 2,3* 

B£^  removed 

Crab  boles  oiled 

Crab  holes  worked r 

Crabs  killed 

Number  of  feet  of  gutten  removed : 

Numl)er  of  persons  fined 

Persons  fined  bv  alcalde  for  moaquito  breeding 

Care  of  dirt  received - 

Sanitation  of  Porto  Bello: 

Cans  of  earbago  removed 

Loads  of  yard  garba^  carted 

Sqiiart'  vards  of  vegetation  removed 1.  • 

Crab  holi>s  worked 

Crabs  killtKl : 

Liiioar  ft-ot  of  drain  cleaned 

Sq  iian»  yards  of  pools  oiled 

Linear  Avt  of  new  drains  made 1  ' 

W  a  l«  •  r  rect^  p  tacles  o  ve rtumed 

nnH.ding  places  eradicated *. 

nouses: 

Numlior  of  plans  approved 

IVmilLs  Issued  to  occupy 

Coruloiuned 

DomoliiUod -. 

SanUaHon,  Canal  Zont. 

Ancon: 

Swamp  filled  In xnblc  yaodft. .  a* ' 

S  wain  p  (I  rai ned do.  ...  •  • 

CJrasscut  and  removed JKioare  jards. .      l.«*  • 

Tile  drain  laid linear  feet..  1 

New  ditches  stoned  and  cemented do l   *. 

New  ditches  dug do .  r  ■  ■ 

Old  ditchCvS  cleaned  and  graded do....  22.  '• 

Brush  cut  and  removed .aqQare  yacda. .  4  •> 

Old  <lit{hes  stoned  and  cemented linear  feet. . 

Closets  eared  for daily.. 

Garbaj^e  cans  emptied do. .. . 

Closet  pits  filled  in  (1) cubio  yiards.. 

N inh t-soil  cans  em p tied «- da&y. . 

Houses  disinfected --..  • 

Closetsen'cted 

Closet  pits  dug  (4) cubic  yards.. 

Houses  finnigated  (11) cubfo  feet. .  tn 

Metallic  screen  repaired bousea.. 

Ciround  prepared  for  use  of  mower aqaare  yarda. .  lit    ■ 

Lj&  Doca! 

Swamp  filled  tn .eablo yards. .  t.' 

Swamp  drained do — . 

Grass  cut  and  removed square  yards..       l.ii   .* 

Tile  dminlrtid linear  feet..  :.  :• 

New  ditches  stoned  and  cemented do —  .  v 

New  ditciies  dug dO..,.  K 

Ol'l  ditches  cleaned  and  graded do — ,  o-  ;v 

Brush  cut  and  nnnovod square  yarda..  k^. 

Closets  can'd  for daUy . .  _> 

Garbak*e  cans  emptied do....  :<» 

Closet  pits  filled  In  (0) oubic  yards.. 

Night-soil  cans  emptied daUy..  > 

1 1 0  us  e.s  d  I  s  i  n  f (X!  te  d 

Closi'ts  erected 

Closet  pits  dug  (15) .cubk)  yards. .  :-• 

Ilousi^s  fumigated  (21) CUbfcfwt..  63"'  " 

Metillic  screen  repaln^d bouses. . 

Ground  prepared  for  use  of  mower square  yarda. .  2,  " 

Ponds  drained do * 

New  stone,  cement,  aud  concrete  dltcbes  laid Jinaarfset..  ■• 

New  ditclies  cleaned  and  cemented do. ... 

Corozal : 

Swamp  filled  In .oobto  yards..  «; 

Swamp  drained do....  2*    ." 

CJnu^s  cut  and  removed aqoare  yards. .      2. Tv:  r.^ 

T  i  1  ( >  r  1  r  a  i  n  1  a  i  d linear  feet . .  i :   ^ 

New  ditches  dug do....  i^    > 

Old  ditches  cleaned  and  graded do....  iv"    * 

Brush  cut  and  removed ......aqaare  yards..        si:  ;.* 

Closets  cared  for dally. . 

Garliage  cans  em ptled do. ...  • 

Clo<^et  pit-s  filled  In  (12) .oublo  yards. . 

Ni;:hl-soil  cans  emptied daQy.. 

Houics  dlsiuXocted ., 
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Corozal— Continued. 

GloBots  erected 30 

Closet  pits  du£  (ao) .oabtc  yards..  161 

Houses  fumigated  (42) eublofeet..  700,647 

Metallic  soraen  rapeired .\ houses..  445 

Ponds  drained square  yards..  27,770 

Hiraflores: 

Swamp  drained eubto  yards..  3,014 

Glass  out  and  removed square  yards..  145,540 

TUe  drain  laid Unearfeet..  7,507 

New  ditches  dug do —  921 

Old  ditches  cleaned  and  graded do....  134,830 

Brush  cut  and  removed square  yards..  5,531 

Closets  cared  for daily..  22 

Garbage  cans  emptied do —  51 

Closet  pits  filled  in I 

Nlghtrsoilcans^mpUed dally..  30 

Closets  erected 34 

Closet  pits  dug  (54) cubic  yards..  226 

Houses  fumigated  (4) cubic  feet..  44W) 

Metallic  screen  repaired houses..  1 

Ponds  drained square  yards. .  600 

Pedro  Miguel: 

Swamp  filled  In cubic  yards..  16,750 

Swamp  drained do —  600 

Grass  cut  and  removed square  yards..  452,088 

TUe  drain  laid linear leet..  2,502 

New  ditches  stoned  and  cemented do —  235 

New  ditclies  dug do....  8,318 

Old  ditches  cleaned  and  graded do....  01,616 

Brush  cut  and  removed square  yards..  466,486 

Old  ditches  stoned  and  cemented Unearfeet..  90 

Closets  cared  Ibr daily..  95 

Garbage  cans  emptied do  —  243 

Closet  pits  filled  to  (73) cable  yards..  118 

Nlghtrsoil  cans  emptied daily..  00 

Houses  disinfectedf. 5 

Closets  erected 19 

Closet  pits  dug  (67) , cubic  yards..  229 

Houses  fumigated  (29) eublofeet..  164,624 

Metallic  screen  repaired houses..  '  228 

Ponds  drained square  yards..  8,442 

Paraiso: 

Swamp  filled  in cubic  yards..  909 

Grass  cut  and  removed square  yards..  1,885,851 

Tile  drain  laid Unearfeet..  7,204 

New  ditches  dug do....  10,198 

Old  ditches  cleaned  and  graded do —  145.753 

Brush  cut  and  removed square  yards..  74,838 

Closets  cared  for daUy..  78 

Garbage  cans  emptied do —  212 

Closet  pits  flUed  In  (28) cubic  yards..  119 

Night-soil  cans  empUed daUy..  66 

Houses  disinfected 3 

Closets  erected 6 

Closet  pits  dug  (45) cubic  yards..  364 

Hotises  fumif^ted  (13) eublofeet..  108,742 

Metallic  screen  repeOred houses..  309 

Ponds  drained square  yards..  50 

Cucaraclia: 

Grass  cut  and  removed do —  120,722 

TUe  drain  laid Unearfeet..  756 

New  ditches  dug do....  3,816 

Old  ditches  cleaned  and  graded j do....  64,687 

Brush  cut  and  removed square  yards..  64,518 

Closetscaredfor daUy..  209 

Garbage  cans  emptied do —  52 

NightrsoU  cans  emptied do —  3 

Houses  disinfected 1 

Culebra: 

Swamp  flUed  in cubic  yards..  1,236 

Grass  cut  and  removed square  yards..  1,963,639 

TUe  drain  laid.... Unearfeet..  18,885 

New  ditches  dug do....  19,419 

Old  dltchod  cleaned  and  graded do —  161, 406 

Qosetscaredfor daUy..  40 

Garbage  cans  emptied do —  735 

aoset  pits  flOed  In  (13) cubic  yards..  23 

Night4oU  cans  emptied daUy..  80 

Houses  disinfected. 11 

Closets  erected 2 

Closet  pits  dug  (16) cubic  yards..  72 

Houses  ftunigated  (15) cubic  feet..  298,281 

MetaDlc  screen  repaired Iiouses..  603 

Ground  prepared  for  use  of  mower square  yards. .  140, 331 

New  stone,  cement,  and  concrete  ditches  laid Unearfeet..  6,591 

Empire: 

Swamp  filled  tn cubic  yards. .  8, ' 

Swamp  drained do.... 

Grass  cut  and  removed square  yards. 
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Ciopln^'— CootiflfMd* 

Tile  drats  laid 

N«»w  diu:b«sdu|( --<!» 

Old  diurbes  defluoed  and  cmded do 

Bnubcut  and  remored -aqfomyvilB-. 

Clov'U  cared  li>r ^aHj., 

Gar  Lra^s**  cacs  emptied -<io-._, 

Clowfl  pit*  filled  In  (.%» 

Night-^1  cans  emptied 

Hoas(4  diftinlectM. 

Clow'ts  erK't/«d 

Closft  pin '1x1^  (42) 

liouy^  fumigated  ^23) cubic 

Metiiilic  scTOPn  rppair'>d , 

Ground  prepared  ior  use  of  mower 

hat  CaM/aflAs: 

Bwamp  fill«l  in 

Bwanip  drained , 

Grate  cut  and  removed .jqiaiejrards..       1.-.- 

Tile  drain  laid JioBM  feet,. 

New  diich(«  stoned  and  cemented do 

New  ditches  dug ^ do. 

Old  dlU[-h«'S  cleainwl  and  graded do. 

Brush  cut  and  removed 

Old  ditches  stonfcd  and  cemented 

CIcweLs  carf-d  far 

Gart>a^ecaas  emptlM do. 

Closet  pits  filled  Ln  (43) jeabic 

Nljrht-v>ll  f •Sins  emptied 

Hou.ses  dbinfected 

C  lose  ts  e  reeled 

Closet  pltsdiiK(fiO) eobic^ 

liousi.'s  f umlsaled  (19) eobie 

Metallic  scrt«n  repaired 

New  stone,  cement,  and  ocMiCTete  dltcbes  laid 

Bas  Ohlsjx>: 

Kwanip  fllled  In eoMcysids.. 

Grass  cut  and  removed .aqnaieyanla..      2,^T• 

TUedmin  laid ttnnriBet«. 

New  dluh«  dug do 

Old  dlu;hes  cleaned  and  graded do. ...  1\ 

linjsh  cut  and  removed jquare  jards.. 

Cl</s^ts  cared  for daily. . 

G ar bage  cans  emptied do 

Closet  pits  filled  In  (110) cobie  jvds.. 

NIght-soll  ransempUca daUy.. 

IIous««  dLslnfected .. 

Clos#;ts  enfcU^i 

Clos<.'t  [ilLsdug  (101) .enblc  yards.. 

House's  fumlK'a ted  (47) cable faeC..  tT 

Metallic  scre«*n  repaired hooaes. . 

Ponds  drained aqoarB  yards. . 

New  stone,  cement,  and  concrete  ditches  laid Jtnei 

Matachln: 

Swamp  fillwl  in cable  _ 

8 warn  p  drained do 

G  rass  cu t  and  removed square  yards. .         i\\ 

Tile  drain  laid JlmariBet.. 

New  ditches  dug do....  j« 

Old  ditches  chancd  and  gnuled , do. .. .  i-. . 

Uri ish  cut  an<l  removed square  yards. .  i;. 

C lovt  s  caro<l  for daOy .  . 

Gurbape  cans  em  ptiod do . 

Clos^-t  pits  fi lied  in  ('J4 ) cubic  yards. . 

N i|.'ht-soll  cans  emptied daily. . 

Closets  erexted 

Closet  pits  diij?  (:V2) oubio  yards.. 

II oiises  fumigated  (9) ooblc  fe^. , 

Metallic  s<.Teen  rejjaired , 

Gorpona  (indiidint,'  Manu-i): 

S  w  a  m  p  fi  1 1  ed  i  n OOblc  _ 

Kwanip  drained '.do. 

(} rass  cut  anfl  removed square  yards. .      2. •? .   - 

Tile  drain  laid linear  feet..  *':  ' 

New  di tches  stoned  and  cemented do. .. . 

New  ditches  dug do....  -.:  - 

Old  dilrhes  cleaned  and  graded do, . . .  i  ■• 

IJnish  cut  and  removed square  yards.,         ii     - 

Old  ditches  stoned  and  cemented linear  feet. I 

Closets  cared  for dally.  I  ? 

Garbage  cans  emptied do...  ^- 

Closet  pits  filled  in  (2;i) cubic  yazds.I 

N igh t-soll  cans  emptied daily. .  > • 

Ilouses  disinfected * 

Closets  erected ~  * 

Closet  pits  dug  (31) ooblcyardsll  '' 

II ouses  fum Igated  (is) oubhr  feel . ,         2^\ »••• 

Metallic  screen  repaired bouses.!  '* 

New  stone,  cement,  and  concrete  ditches  laid JlQcarliaetll 
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San  Pablo: 

Swamp  filled  In cubic  yards..  8,631 

Orass  cut  and  remoyed square  yards. .  888,060 

Tile  drain  laid linear  feet..  98 

New  ditches  dug do ... .  17, 167 

Old  ditches  cleaned  and  graded do 68, 047 

Bru^  cut  and  removed square  yards. .  188,024 

Cloaets  cared  tor daily. .  39 

Garbage  cans  emptied do 100 

Closet  pits  filled  m  (65) cubic  yards. .  97 

Night-soil  cans  emptied daily. .  21 

Houses  disinfected 1 

Closets  erected 40 

Closet  pits  dug  (102) cubic  yards. .  297 

Houses  fumigated  (17) cubic  feet. .  138,067 

Metallic  screen  repaired houses. .  180 

Ponds  drained square  yards. .  1, 000 

Tabemllla: 

Swamp  filled  in cubic  yards. .  1,698 

Grass  out  and  removed square  yards. .  1, 984, 022 

TUe  drain  laid linear  feet..  9,040 

New  ditches  dug do 30, 135 

Old  ditches  cleaned  and  graded do 172, 258 

Brush  cut  and  removed square  yards. .  33  058 

Closets  cared  for daily..  47 

Garbage  cans  emptied do 227 

Closet  pits  filled  to  (50) cubic  yards..  77 

Nightrsoil  cans  emptied daily . .  44 

H  ouses  disinfected. 9 

Closets  erected 12 

Closet  pits  dug  (69) cubic  yards. .  221 

Houses  fumigated  (60) cubic  feet. .  1, 371, 727 

Metallic  screen  repaired houses. .  89 

Ponds  drained square  yards. .  230 

New  stone,  cement,  and  concrete  ditches  laid linear  feet. .  ^0 

Bohio: 

Swamp  filled  in cubic  yards. .  150 

Grass  cut  and  removed square  yards. .  132, 016 

Old  ditches  cleaned  and  graded linear  feet . .  127, 175 

Brush  cut  and  removed square  yards. .  7, 110 

Closets  cared  for daily. .  60 

Garbage  cuis  emptied do 75 

Closet  pits  filled  in  (25).: cubic  yards..  72 

Nigbtsoil  cans  emptied daily. .  11 

Closets  erected 25 

Closet  pits  dug  (44) cubic  vards. .  200 

Houses  fumigated  (21) cubic  feet. .  91, 372 

Metallic  screen  repaired Jiouses. .  45 

Gatun: 

Swamp  filled  in cubic  yards. .  15, 780 

Swamp  drained do 2,230 

Orass  cut  and  removed square  yards. .  883, 894 

Orass  cut  and  burned do 717, 192 

Brush  cut  and  removed do 336,980 

Tile  drain  laid ....linear  feet..  26,202 

New  ditches  stoned  and  cemented do 1, 330 

New  ditches  dug do 15,603 

Old  ditches  cleaned  and  graded do 77,041 

Closets  cared  for daily. .  75 

Garbage  cans  emptied do 347 

Closet  pits  filled  bi  (106) cubic  yards..  218 

Nl^t4oil  cans  eniptiea daily..  28 

Houses  disinfectecf. 10 

Closets  erected 37 

Closet  pits  dug  (157) cubic  yards..  506 

Houses  fumigated  (12) cubic  feet..  158,242 

Metallic  screen  repaired houses..  380 

Ponds  drained square  yards..  150 

Porto  Bello: 

Swamp  filled  in cable  yards..  85 

Grass  cut  and  removed square  yards..  211,470 

TUe  drain  laid linear  feet..  1,615 

New  ditches  dug do. ...  1, 186 

Old  ditches  cleaned  and  graded do 14,782 

Closets  cared  for daOy..  13 

Garbage  cans  emptied do 64 

Night«oll  cans  emptied do —  20 

Closets  erected 10 

Recapitulation: 

Swamp  filled  In oabio  yards..  115,878 

Swamp  drained do —  85^064 

Grass  cut  and  removed sqoare  yards. .  25,30&046 

Grass  cut  and  burned do 717,192 

Brush  cut  and  removed do 2,072,689 

Tiledrainlaid Unearfeet..  182,224 

New  dltohes  stoned  and  cemented do....  H780 

New  ditches  dug do....  288,979 

Old  ditches  deaoed  and  graded do....  2,487,004 

OlddltdMBstooedaadoemfiated do....  1,685 

67W»-08 ^21 
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i p{  t 'slfttf  OD— ContloiMd. 

CJlosfrU  cared  for daflj*. . 

Gaiiyjij^e  c-aos  ^miftUni <|» 4  - 

0(/^i»  piu  fllkd  m  '*515) eubk-yaris.. 

Nljrht^-w^ll  csuiA  etnpUed 4aily..  1   »- 

liouAes  diMnreclod 

Ck/KU  trw'Urd - 

Cl«>%fHL>»  pita  dujr  <^%f>»; cubic  yunls . .  •     - 

Iio«j'b<»  fuini^aUyi  <3ftl; cahi<r  feel    .       S,«»«.   ^. 

iitiiixilic  scr**D  rtrfjalred houses. . 

Grr/';n<l  pivparwl  for  use  of  mower •qiure  yards.  _ 

Ponds  'lniiD*^i '.do :•  -l.- 

Stw  hiou*-.  oemect,  and  oonrrete  ditcbes  laid . .  .*. linear  feec . .  i    -. 

New  ditches  ckaued  and  cemented do 

SanitatioTif  Bocas  del  Toro. 

GeofvaJ  d<*aninr: 

BiurrfU  of  if;drh^f^  removM 1  v-  <' 

hunfU  of  ya/^d  g^trbaB**  rtrmoved 

S^^iian-  yards  of  stnv't  clffan<?d 44^ 

NuriiU'r  of  iosi/ls  of  «ind  tiarUid _  :*. 

DatI V  a\ i'Hi^'*'  nurutK'r  of  rnen  at  work 

L/jnAfi  of  *farUa«r'  r»»mo v«d  from  beach r 

Yafds  of  wai-pr  front  cieaoed i.j. 

Cli/y.Uj  oiW^l 

Wat<>r-<lySfetH  el*«n<¥l :. 

NuriiUT  of  vard'i  cUianM 

I»a/ls  of  oUl  IuiiiUt  carted -- 

id  iH^ilanw^us  l(r<ul%  cart<vl 

Lirwair  f'Sfi  of  tK>ard  walks  ma<]c 

Lim-ar  f^it  of  tx>ard  waiks  refiiiired 

i'iSSiKHth  i\\U<\ ..    _  2. 

L/MfU  of  strwt  sw(A>pinf!5  removed I  > 

IJou v-j  torn  down 

ftf^uar*'  vards  of  st r*irl  r»*i>ain?d j_. 

Liut'HT  {it'ioi  drainpipe  laid 

Nulsaruies  Tv\n)TUid Zi 

N ijisan(»^  abati-d 

Tn«s  cut  down 1  . 

8tuinf>s  rfmovod .jm. 

Vaf^anl  lots  cU-arxxi , 

f  i;rvjrii  notifi^'d  to  kwp  yards  in  sanitary  condition jr.. 

Ifosqiiilo  bnga^lo: 

NurnU'r  of  square  yards  of  grass  cut  and  removed ITv  »  • 

BarrcU  rr^pair^l 1:^ 

Harn-ls  ctjvcn-d 

Harn-ls  s[>ipotcd \  ', 

Wf-lls  filU-d r 

Wclls  cleani-d 

BarroLs  ovortiimod •       I.4, 

Barrels  destroyed __»  h 

Tanks  destroy f>d '[■ 

Tanks  n-jminxl ;  i, 

Barreb  oil'xi >. 

VVVlls  oiled r. 

Tanks  olli'd n 

Crab  holes  worked 2b     *' 

Crab  holes  filled ^^ 

Crabs  kille<l .\x 

Watpr  rcx«ptacle-s  collected .1  > 

NuinU^r  of  linear  fe<'t of  dminage made 2  ".n 

Nurnlx'r  of  linear  feet  of  drain  cleaned 11 

Niiml>er  of  hours  oiling 

Numtjcr  of  hours  reirLsjx»ction  of  barrels  and  tanks 

Numl>er  of  persons  fined 

Square  yards  of  vegetal  ion  removed >^ 

Square  yards  of  piKjls  oil(*l 1.  - 

Bro<vling  places  erarllrat4xl '  \ 

Square  yards  of  bnish  cut 54. : 

Square  yards  of  swani^xs  drained 

Square  yards  of  swamps  filled 14 

Calch-baslns  oiled -< 

Gutters  repaired ^i 

G  u t tcrs  removed '. 1 

Materials  used: 

Snigots l,r;v 

Nuinl>er  of  fwt  of  copiwr-wire  screening 2  •*=' 

Nunilxjr  of  barrels  of  mosquito  oil jjj 

Number  of  pounds  of  chloride  of  lime ,  ij. 

Number  of  pounds  of  bichloride  of  mercury 4 


•4 
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Quarantine  service^  ports  of  Ancon,  Panama,  Colon,  and  CfrUtobal, 

I  mber  of  vessels  inspected  and  passed 947 

imber  of  vessels  detained  In  quarantine 9 

imber  of  vessels  fumigated  on  arrival 18 

imber  of  vessels  fumigated  prior  to  sailing 72 

imber  of  pieces  of  baggage  disinfected 2, 180 

tal  number  of  crew  inspected 66, 964 

•tal  number  of  passengers  inspected 62, 454 

»tul  n  umber  of  persons  inspected 129, 418 

»tal  number  of  persons  vaccinated  at  ports  of  arrival  because  of  compulsory-vaccination  law . .  18, 380 
»tal  number  of  persons  vaccinated  at  ports  of  departure  or  en  route  Mcause  of  compulsory-vac- 
cination law 19,962 

)tal  number  of  persons  vaccinated 38,342 

limber  of  persons  held  in  quarantine  at  the  detention  stations  to  complete  the  period  of  incu- 
bation of  yellow  fever  and  plague 3,274 

umber  of  persons  held  in  quarantine  to  complete  period  of  incubation  of  smallpox fi07 

umbor  of  persons  held  in  quarantine  on  account  of  impetigo  contagiosa 16 

Dtal  number  of  persons  held  on  board  vessels  to  complete  period  of  Incubation  of  yellow  fever 

and  plague 1, 195 

otal  number  of  passengers  landed  from  foreign  ports: 

Cabin 17,289 

Steerage 30,663 

Total 47,852 

otal  number  of  passengers  embarked  for  foreign  ports: 

Cabin 15, 646 

Steerage 18, 014 

Total 33,560 

ipparent  increase  for  the  year  from  foreign  ports: 

Cabin 1,743 

Steerage 12,549 

Total 14,292 

Total  number  of  persons  arriving  from  coast  towns  on  small  launches  and  sailing  craft 19, 403 

I'otal  number  of  persons  leaving  for  coast  towns  on  small  launches  and  sailing  craft 14, 782 

^.pparent  increase  for  the  year  from  coast  towns 4,621 

"dumber  of  Immigrants  recommended  for  rejection 180 

ST  umber  of  certificates  issued  to  outgoing  passengers 764 

!4umber  of  persons  refused  certificates  beoetuse  of  trachoma 79 

>Jumber  of  ollls  of  health  Issued 48 

Mumber  of  bills  of  health  visaed 344 

Total  number  of  circulars  relative  to  malarial  fever  distributed 26,260 

Total  number  of  persons  landed 67, 255 

Total  number  of  persons  embarked 48, 342 

Total  apparent  increase  for  the  year 18,913 

BOCAS  DEL  TOBO. 

Number  of  vessels  inspected  and  passed 465 

Number  of  persons  vaccinated 34 

Number  of  crew  inspected 9, 183 

Number  of  passengers  inspected 4, 861 

Number  of  persons  held  to  complete  period  of  incul>ation  of  yellow  fever 287 

Number  of  vessels  sailing  during  the  year 461 

Number  of  vessels  entermg  during  the  year 467 

Personnel  report  (average  number  of  employees  per  month  for  the  year). 


Office  of  chief  sanitary  ofDoer 38 

Property  division,  sanitary  department 13 

Suarantine  service 31 
ealth  office: 

Panama 101 

Colon-Cristobal 181 

Office  of  director  of  hospitals 15 

Ancon  Hospl  tal 455 

Colon  Hospital 246 

Bas  Obispo  Dispensary  a 11 

Cuiebra  Dispensary 17 

Empire  Dispensary 12 

Gorgona  Dlroensuy 13 

Miraflores  Dfspensary 14 

Paralso  Dispensary 11 

Las  Cascadas  Dispensary 10 


Tabemllla  Dispensary 6 

Corozal  Dispeiuary 3 

Cristobal  Dispensary 7 

San  Pablo  Dispensary 4 

Qatun  Dispensary 14 

Pedro  Miguel  Dispensary 4 

Anoon  Dupensary 3 

La  Boca  Dispensary 6 

Porto  Bello  D^pensary 3 

Santo  Tomas  Hospital 8 

Taboea  Sanitarium 27 

Palo  Seco  Leper  Asylum 6 

Zone  sanitation 1,0S0 

Total 2,318 


a  Hospitals  were  operated  at  present  dispensary  and  sick  camp  stattonA  during  the  months  of  July  and 

August. 
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££PO£T  OF  EDWABD  J.  WILLIAMS,  DISBUSSDIO  OFFIC£E 

ISTHXIAV  CAMAL 


m  I  iK^Mii 


Empibe,  Canal  2k)XE,  Auju^  14 j  li^  -"- 

Sir:  I  have  the  honor  to  submit  the  following  annual  refK^rt  r  ■ 
the  fiscal  year  VM\^\ 

On  July  1,  VM^l,  the  work  assigne<l  to  this  office  consisted  tif  t.A 
iiL^ijeclion,  tiinekeepiii;:.  and  pay-roll  preparatii»n,  vouchers,  i^siia!   - 
of  coinmL>-iiiry'  an<l  hotel  coup<jn  books,  payment  of  all  money  <»ij  : 
I>lhmus,  and  other  work  incidental  to  a  disbursing  office.     By  ext-* 
tive  ordor  of  Auirust   15.  11M.)7,  the  duties  connecteil  >*-ith   the  i. 
in^jKH'tion  wen>  turne<l  over  to  the  examiner  of  accounts,  and   * 
pr«»|>ertv  re<*ords  and   general   b<K>ks,  shoeing  the  classiticati«»r 
e.\fK*n<litures  an<l  the  k(*eping  of  statistics  in  regard  thereto,    w.-- 
addd  to  the  <luti<*s  of  tliis  otfi<-e.     This  portion  of  the  work   '^  •• 
found   t4»  f>e  con<i'lcraMy  l^ehintl,  but   has,  in   the  meantime,  Jv*: 
broil :^ht   as  near  current  a>  such  work  can  be.     There  has  Yx^ix 
ile<*i(le<l  inifin^veincnt  made  in  the  returns  from  other  departmti-'^ 
which,  combined  with  the  fact  that  the  work  was  current   in  t'  - 
oliice,  has  enaliled  n»j>orts  to  be  made  to  the  conuuission  each  niMi.* 
at  a  much  earlier  date  than  heretofore. 

At  the  be^nning  of  the  past  fiscal  year  employees  from  the  Unit- 
States,   for   c<»nvenicn<'e   classe<l   as   **g()ld"   employees,   were    j-::. 
monthly,  while  the  lalx^rers,  classe<l  as  * 'silver"  employees,  were  y 
sr*mimonthly.     Since  the  l»eirinning  of  (>ctol>er  all  emplovees  i>f  ;•' 
coinmis^^ion  have  been  j>aid  once  ea<*h  month,  and  the  change,  ii  i- 
bcH(»ve<l,  has  been  a  decided  l>enefit  to  all  ct»ncerniMl. 

On  a<count  of  the  former  commission  having  required  the  tii- 
bursing  oiiice  to  check  the  time  rolls  against  the  time  books,  it  war 
necessary,  in  onlcr  that  this  might  be  done  prior  to  pa}^nenT.  r.- 
have  the  time  books  in  periods  of  seven  and  eight  days  sent  U^  tL;^ 
office  for  the  preparation  of  a  time  roll  and  comparison  to  in*«JuiY 
correctness.  By  placinir  the  responsibility  for  tliis  matter  of  pn^^A- 
ration  of  rolls  and  checkincr  of  original  time  books  against  them  wi:!- 
the  division  offices,  it  became  practicable  to  prepare  a  time  bojk 
such  as  lias  been  in  use  since  Deceml)er  1,  1907,  which  permits  eaih 
ofiice  in  the  field  to  use  such  number  of  time  boolra  each  month  a> 
best  promotes  elliciency  and  the  work  in  their  individual  case,  the 
book  being  so  arran^red  that  no  more  than  one  book  per  month  woui  ] 
be  required  for  odd  or  even  days,  if  so  desired. 

The  issuance  of  hotel  and  commissary  books  has  been  safeguanics: 
in  different  ways,  as  experience  has  shown  to  be  practicable,  until  it 
is  believed  that  the  issuance  is  properly  protected  while  at  the  same 
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time  the  furnishing  of  books  to  individuals  has  been  placed  on  a 
businesslike  basis  and  works  out  for  the  good  of  all  concerned. 

Pay  roll  and  voucher  forms  have  been  changed  during  the  year 
to  meet  conditions  and  to  conform  to  the  requirements  of  the  new 
check  system  put  in  use  bj  the  Treasury  Department,  and  every- 
thing is  moving  nicely  in  this  portion  of  the  work. 

In  order  to  expedite  the  handling  of  property  returns  and  checking 
with  the  records  of  the  division  of  material  and  supplies,  it  has  been 
decided  to  transfer  a  small  force  from  this  office  to  that  of  the  divi- 
sion of  material  and  supplies  at  Cristobal,  which  will  result  in  cut- 
ting out  a  duplication  of  work  formerly  necessair  imder  the  old 
system  and  will  materially  expedite  the  furnishing  of  reports  required 
in  that  division  of  the  work. 

The  present  organization  of  the  office  divides  the  work  into  three 
principal  divisions,  viz:  Voucher,  pay,  and  accounts,  all  reporting 
to  the  disbursing  officer,  through  the  assistant  disbursing  officer,  who 
is  in  direct  charge  of  the  detail  work  of  the  office  and  responsible 
therefor. 

In  this  connection  it  might  be  interesting  to  consider  some  details 
of  the  work  of  the  various  divisions  during  the  past  year. 

Our  system  of  numbering  pay  rolls  provides  for  each  roll  to  bear 
the  same  basic  number  each  month^  and  by  prefixing  the  number 
of  the  month  a  slance  at  the  roll  will  at  once  show  tne  division  of 
work  to  which  referred  and  the  month  it  covers.  In  this  manner  the 
outside  offices  can,  with  the  least  trouble,  refer  this  office  at  any 
time  to  a  particular  item  on  any  roll  concerning  which  they  may 
desire  information. 

In  roimd  numbers,  the  gold  rolls  for  the  fiscal  year  1908  amounted 
to  $8,874,000,  and  the  silver  rolls  to  $18,396,000  silver,  or  a  gold 
equivalent  of  $9,188,000,  making  a  total  gold  equivalent  of 
$18,062,000.  The  items  on  the  gold  roll  covered  70,486  payments 
and  on  the  silver  rolls  414,318  payments,  making  the  average  pay- 
ment on  the  gold  roll  $125.80  and  on  the  silver  rolls  $44.40  silver  for 
the  laborers,  or  an  equivalent  of  $22.20  gold.  This  latter  amoimt 
does  not,  however,  in  reality  show  the  amount  which  each  silver  man 
will  earn  in  a  month,  because  of  the  fact  that  for  about  one-third  of 
the  time  these  men  were  paid  twice  a  month.  On  this  basis,  they 
would  show  average  earnings  of  a  little  less  than  $30  gold  equiva- 
lent each  per  month. 

It  might  be  interesting  to  note  that  all  Panamanian  silver  must 
be  counted  and  rolled  into  convenient  packages  for  payment  and  is 
packed  into  bags  containing  $1,000  silver,  weighing  55^  poimds  each. 
From  this  it  wnl  be  noted  that  to  pay  the  entire  amount  of  the  sil- 
ver rolls  for  the  past  fiiscal  year  would  require  497.97  tons  (of  2,000 
pounds)  of  silver  monev,  or  a  little  more  tnan  41  tons  per  month. 

The  deductions  maae  on  the  pay  rolls  for  the  past  fiscal  year, 
covering  hotel  books,  board,  commissary  coupon  books,  transporta- 
tion, medical  services,  breakage,  equipment,  bond  premiums,  and 
miscellaneous  total  on  the  gold  rolls  amounted  to  $1,511,714.44  and 
on  the  silver  rolls  $1,523,660.34,  making  a  grand  total  of  $3,035,374.78. 

An  inspection  of  the  unpaid  salaries  ana  wages  accounts  shows  that 
from  the  inception  of  the  work  to  date,  on  June  30,  1908,  there  was 
an  unpaid  balance  due  to  employees  of  tne  commission  of  $190,636.84. 
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During  the  month  of  June,  however,  while  there  were  impaul  ]> 
for  that  month  amoimting  to  $59,170.61,  there  was  paid  uuriri:: 
month  on  prior  balances  the  sum  of  $57,354.59,  showing  that 
present  percentage  remaining  impaid  out  of  the  total   rolls  ': 
month  is  quite  small. 

The  payments  of  all  amounts  due  from  the  commissioii  axe  n . 
either  at  the  main  office  at  Empire^  the  branch  offices  at  Ancon  :. 
Cristobal,  or  from  the  pay  car,  which  is  run  on  the  12th,  13th.  ^ 
14th  of  each  month. 

It  will  be  recalled  that  under  the  old  bankers'  agreement  the  c 
mission  secured  its  money  from  four  banking  houses  in   Pana 
such  silver  as  was  needed  being  delivered  to  the  disbursing  it-; 
in  exchange  for  his  check  on  the  subtreasurjr  at  New  York,  at  * 
rate  of  2  pesos  fbr  each  dollar  of  check,  this  b^g  in  accordance  ^^ 
the  parity  of  two  for  one,  and  the  money  for  payment  of  gold  n'l- 
exchange  for  check  on  the  sub  treasury  at  New  York  dollar  for  d* 
and  the  additional  payment  in  cash  of  three-fourtlis  of  1  per  < 
for  each  dollar  furnished  by  the  bankers.     This  would  have  requ" 
an  expenditure  during  the  past  year  of^  in  round  numbers,  $t^<,.' 
to  cover  the  gold  pay  rolls  alone,  which  amounted,  to  $8,874." 
The  only  expense  the  commission  has  been  to  in  this  regard  \\  a^ 
bringing  down,  during  the  year,  of  a  total  of  $1,100,000  gold  coin 
an  expense  of  $4,125,  which  was  paid  to  the  Panama  Kailroa<!  : 
transportation  charges  thereon,  thus  showing  a  saving  in  this  • 
item  of  $62,430. 

Each  year  the  good  results  shown  to  the  conunission  from  mv  s . 
cessful  efforts  to  prevent  a  renewal  of  this  agreement  are  beco:  - 
more  apparent.    This  condition  of  affairs  has  been  made  pi^.>>:' 
by  ability  to  use  the  postal  receipts,  amounting  to  in  the  neighlx^rl.. 
oi  $4,000,000  during  the  past  year,  principally  from  the  sale  of  moi; 
orders,  and  to  give  in  exchange  therefor  checks  on  the  silbtreasr 
for  all  remittances  required  to  oe  made  to  the  Postmaster-CJenerbi 
the  United  States  for  monev-order  purposes,  and  from  the  fact  ti : 
payments  w^ere  made  in  gold  coin,  which,  on  accoimt  of  its  wtij! 
could  not  profitably  be  mailed  out  of  the^  country,  and  could  i' 
under  the  laws  of  Panama,  be  exported  by  its  mercnants  without  t 
payment  of  an  export  tax.     When  payments  were  made  in  pajvr. 
could  at  once  be  sent  out  by  registered  mail,  and  became  in  effect  i 
same  as  exchange  on  the  United  States^  thus  depleting  our  supply 
money  each  month  and  requiring  additional  shipments. 

In  addition  to  the  saving  made  to  the  commission,  the  Panai.. 
Railroad  was  paid  in  cash  during  the  closing  months  of  the  fiscal  \o, 
$457,685.34,  tnus  enabling  it  to  meet  its  pay  rolls  without  importat; 
of  coin. 

In  addition  to  having  cared  for  the  needs  of  the  past  fiscal  year. 
is  not  believed  that  it  will  be  necessary  to  make  any  additional  si.i: 
ments  of  gold  for  several  months. 

The  records  of  the  receiving  teller  show  that  during  the  past  Te:- 
there  have  passed  through  his  bands  a  total  of  $4,287,402.25,  of  wiii  ' 
however,  $3,865,950.37  were  for  the  Canal  Zone  government,  all  1" . 
receipts,  either  lor  the  commission  or  for  the  Canal  Zone,  being  h. 
died  oy  one  man. 


*   •  ^L^^    -■-     --- 
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During  the  fiscal  year  308.742  commissary  books,  of  a  value  of 
SI, 691,385,  and  51,198  hotel  books,  of  a  value  of  $744,958.80,  were 
issued  to  emplovees,  making  a  total  issue  of  359,940  books  valued  at 
$2,336,343.80,  thus  making  a  monthly  issue  of  29,995  commissary  and 
hotel  books  combined.  There  are  at  present  on  hand  253,866  com- 
missary books  and  671.418  hotel  books,  valued  at  $1,304,727.50  and 
$976,967.40,  respectively,  making  a  total  value  of  stock  on  hand  of 
$2,281,694.90. 

The  stock  clerk  also  handles  the  issue  of  postage  stamps  and  postal 
cards  for  the  Canal  Zone,  which  amounted  in  full  to  $78,977.29  auring 
the  past  fiscal  year. 

The  records  of  the  office  show  a  total  of  11,022  contract  laborers 
received  up  to  and  including  June  30,  1908,  from  whose  pay  deduc- 
tions are  made  on  account  of  transportation.  Of  this  number  4,420 
had  on  that  date*  completed  payment,  and^  the  remainder  owed  a 
balance  amounting  to  $31,728.61,  collections  amounting  to  $252,429.89 
net  having  been  made  during  the  past  year. 

The  pay  rolls  of  the  department  during  the  fiscal  year  amounted  to 
$200,009.44.  or  an  average  per  month  of  $16,647.45,  and  the  total 
amount  disDursed  was  $23,659,384.40  for  the  Isthmian  Canal  Com- 
mission, and  also  a  further  sum  of  $3,180,476.66  for  the  Canal  Zone 
government.  Tabulated  statement  snowing  more  in  detail  the  fore- 
going figures  and  also  giving  statistics  as  to  expenditures  of  the 
various  departments  and  the  commission  appropriations  are  appended 
hereto. 

Respectfully,  Edward  J.  Williams, 

Disbursing  Officer. 

Lieut.  Col.  Geo.  W.  Goethals,  U.  S.  Army, 

Ghmrman  and  Chief  Engineer, 

Chdebra,  Canal  Zone. 
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Appbndix  2. — PayrolU/or  the  Jiacal  year  1908. 

SILVER  ROLLS. 


fiBnoa. 


July  1-15 

July  lfr-30 , 

August  1-16 

August  16-aO 

September  1-15 . 
September  16-30 

October  1-31 

November  1-30 . 
December  1-31 .. 


1907. 


T«»talofroUi. 


January  1-31.. 
February  1-28. 
Mar.  h  1-31  ... 

April  1-30 

May  1-31 

June  1-30 


1908. 


f703, 
800. 
738. 
825. 
710. 
772. 

1,509. 
1,475, 


0716.82 
330.39 

426.87 
94155 
481.75 
550.89 
260.63 
825.64 
859.10 


Amount  nxH 

paid  on  rolls 

•tclonof 

period. 


1,569,559.06 
1,513,055.66 
1.554.830.60 
1.509.561.61 
1.520.501.88 
1.508,756.40 


S35,244.60 
38,488.85 
36,272.31 
30.275.05 
34,047.74 
22,337.90 
22,915l85 
28, 77a  41 
34,472.96 


37,778.79 
38,463.48 
35,242.56 
30,714.11 
40.315.94 
49.032.97 


Netamoozit 
paid  duria^ 


9667.832.23 

761.85a  54 

702, 1S4.56 

795,66&d0 

676. 434.  01 

750.221.99 

1,570.344.78 

1,481.06&23 

1,441,380.14 


1,531,780.27  * 
1,474.592.18 

i.5i9,5saa5  ! 

1,469,847.50 
1,480.  ISSuM  ! 
1,549,723.43 


Total ■    18,306.038.85 


17,872,665.34 


Average  payment  of  $43.14  per  Item,  Panama  silver. 

GOLD  ROLL& 


July  1-31 

August  1-31 

Septomber  1-30 
October  1-31... 
Novomber  1-30 
December  1-30 . 


1907. 


Januarv  1-31.. 
Febnia'ry  1-28. 
March  1-31..., 

April  1-30 

May  1-31 

June  1-30 


1006. 


1702.267.69 
731,035.27 
689.784.29 
779.934.83 
762. 09a  61 
744,422.92 


753,234.39 
732,152.57 
751,749.41 
738,296.40 
733.99312 
764,679.94 


$42,257.41 
33,308.74 
42,540.67 
25.883.88 
31.986.23 
38,079.13 


33,34397 
40,786.16 
41,406.06 
40.069.65 
39,541.26 
45.709.50  i 


$G60.0ia3$ 
697,726.53 
647.24a  ^ 
754,050.<)5 
730. 104.  38 
706,343.80 


Total 8,873,641.44 


8,418,706.71 


4..'. 

or,  - 


fir     .i 


719, 89a  42 

. 

691,366.41 

- 

710,341.36 

- 

698.206.75 

694, 451. 86 

} 

708,970.35 

7     .i 


Average  payment  of  $119.43  per  item.  United  States  currency. 

Appendix  3.  —Amounts  handled  by  the  receiving  teller  for  twelve  months  ending  Ju  k* 

1908. 


1907. 

July 

August 

September 

October 

November 

December 

1908. 

January 

February 

March 

April 

May 

June 

Total 


Cash. 


$330,446.06 
304.786.62 
305,962.30 
334,45176 
362,067.26 
352,278.30 


403,662  29 
386,139.70 
368.155  44 
368,399.15 
346,824.64 
346,438.34 


4,209,604.95 


CtieckB. 


$4,729.85 
4,766.45 

35,258.51 
9,846.00 

10,639.20 
1,44356 


1,366.43 
1,153.52 
1,609.41 
2,30301 

i.ioais 

2,01581 


76,232.30 


Cash  for 
hcmtlng 


$11500 

19a  00 

13500 

loaoo 

9500 
12500 


160.00 
80.00 

6a  00 

30.00 

15.00 

460.00 


Totai. 


;>44 

*      '1 

37: 

.1 

oS.< 

^  .1 

4C*> 

*v<  *! 

xs: 

*  ■       '1 

.>.- 

•^..     ' 

:o. 

'  •''. 

:-MT. 

\ 

<«s 

•  '  ,• 

1,566.00       4.J8r  « 
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Appendix  4. — Coupon  boohs  issued  from  disbursing  officer^s  stock  during  fiscal  year 

1907-8. 


Month. 

Commissary  books. 

Hotel  books. 

t2.50 

S5 

SIO 

Sl£ 

S4.80 

$15 

1907. 
July 

5,406 
9,930 
0,148 
14,649 
9.235 
6,050 

6.651 
6,565 
5,865 
7,550 
6,745 
5.185 

9,500 
12,150 
11,190 
10,343 
19,360 
16,285 

17,505 
17,307 
16,965 
18.880 
15.380 
14.665 

1,071 
1,165 
1,681 
1,837 
2,206 
1,760 

3,240 
2,480 
2,150 
2,209 

3,655 

A  ugust 

620 

4.921 

s«ptemb«r                            

3,507 

October 

290 
260 
210 

110 
100 
76 
120 
110 
360 

3,800 

November 

4,675 

iVMwmb^r 

4,101 

1908. 
January 

4,488 
4,208 
3,505 
4,275 
3.427 

February 

March 

April 

4.111 
6,865 
5,460 

May 

June 

4,200 

Total 

^.978 

179,539 

16,426 

19,709 

2,256 

48,942 

• 

i?onmilssary  books  Issued  during  fiscal  year. 
Hotel  books  Issued  during  fiscal  year. . «... 


306,742 
61,196 


Total 369,940 

Average  monthly  issue. 


Conunlssary  books. 
Hotel  books 


Total  coupon  books. 


Fintslx 
months. 


23,820 
4,366 


28,184 


Last  six 
months. 


27,628 
4,178 


31,806 


Fiscal 
year. 


25,729 
4,286 


29,905 


Value  of  commissary  books  issued  during  fiscal  year 61,591,385.00 

Value  of  hotel  books  issued  during  fiscal  year 714,958.80 

Total 2,336,348.80 


Stock  of  commissary  books  on  hand  June  30, 1908. 
Stock  of  hotel  books  on  hand  June  30, 1908 


253,866 
67,418 


Total. 


321,284 


Value  of  stock  of  commissary  books  on  hand  June  30, 1906 1, 304, 727. 50 

Value  of  stock  of  hotel  books  on  hand  June  30, 1906 976,967. 40 

Total 2,281,604.90 

Appendix  5. — Disbursing  office  pay  rolls  for  fiscal  year  1908. 


1907. 

July 

August 

September 

October 

November 

December 

1908. 

January 

February 

March 

Aprfl 

May 

Jmie 

Total 


Gold. 


815,218.65 
16,503.66 
14,789.09 
16,077.00 
16,526.40 
17,714.91 


17,243.41 
16,603.26 
15, 56a  47 
15,815.86 
14,661.67 
14,906.90 


190,609.78 


Silver. 


81,520.83 
1,645.11 
1,697.11 
1,702.22 
1,626.00 
1,610.67 


1,024.66 
1,486.84 
1,870.39 
1,413.33 
1,868.38 
1,687.33 


18,790.32 


Total  gold 
equivalent. 


$16,963.67 
17,416.21 
15,637.66 
16,928.11 
17,338.90 
18,8a0L24 


18,066.74 
16,830.93 
16,246.67 
16,082.02 
16,8«.84 
16,099.67 


200,000.44 
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Afpxndix  6. — StaUmtrU  ofreceipU,  dUbuntmenU,  amd  halamm  amkiiU  to  J\ 

1908. 


Appityprlations  by  Oonsms  (Exhibit  A) S14:."^" 

Collections  aoocMint  sale  of  fpovvrnmeat  property,  etr.  (Eidhibit  Bt ^.t 

Balance  due  individuais  and  omnpszues,  aooount  ooUectioBS  from  cmpfcrjecs 


Total  reodpts 144.  .* 


Qaaslfled  expenditures  (Exhibit  C) TR.*«r   • 

Department  of  civil  administration. ^.  l^M&T? 

Department  of  sanitation 6.3!2.5,w1Ql77 

Department  of  constructioa  and  flapneeriag 3S.S74.»M^M 

Canal  construction 130,  KM. 0^  27 

Municipal  improvements  on  zone. 3,533.618.70 

Municipal  improvenu;nts  in  Paoama  aad  OtAoKx 2,237, 122. 17 

Cost  of  plant 3l.O».aOB.M 

Rights  of  way  and  franchises «9i,l*>  •'.- 

UiehLs  acc4uired  from  Ucpuhlic  of  Panama K».000  OO&OO 

Rights  acr^uired  from  Nfw  Panama  Canal  Company 39,  l*,tel. 28 

Payment  to  New  Panama  Canal  Company 40, ODO, 000. 00 

Less  value  oi  French  material  sold  or  used  in  odd* 

Rtniction 831.M8.72 

Panama  Railroad  Company  stock  purchase*! : ..  IT"  " 

lyran-*  to  Panama  Railroa«J  Company  for  n^uipment  and  reilemption  of  bondSL 4.  :>'_  _• 

Paid  Into  rint<vi  Staler  Treasun.'  for  sale  of  povemmenl  property,  etc *.  1  >  -' 

Services  rcndere^i  and  material  sold  to  individuals  and  companies _.        tL?L~ 

L'nclassific<l  exp»*n'iit urcs .*. 4.  L  i".  _- 

Material  and  supplies  on  hand ,-..    3  916.075.  22 

Pavraents  u>  Panama  Railroad  Company l^^.Mi  30 

Other  uncla'v'?ific<i  items £^.22a,42 

Advanc-es  to  lal«rcrs  for  their  transportation j;,' 


Total !*•.>" 

Less  amount"*  include*!  alwve,  htit  unpaid  on  June  30.  IWJS 2.* 7' 

Salaries  and  w:u:»"s  unpaid  on  pav  rolls,  prior  to  June  1, 1908 190.63Si.  $4 

Pay  rolls  for  the  month  of  June,  IdOS l,487,7SaS8 


7.JI. 


Net  dLsburBements 137."*-  ." 

Balani«s  available  June  30.  1908 

Congressional  appropricitions  ( Kxhihit  D) 7,214. 47tt  03 

Collections  afx.'Oiint  sales  of  government  propert v,  etc 3. S^  7>» 

CoUectiomi  from  employees  accY>unt,  individuals  and  companies 3, &2&  35 


TotaL 14*  »<V  ^ 


Note:— By  an  act  of  May  27,  idOR.  asiditional  appropriatioos  were  made  to  ooatinue  th«coo5tr-i. 
the  lAthmian  Canal  during  the  fLscal  year  I90d,  availa,ble  (or  expenditures  Jply  1,  1908,  as  foUovs. 

Expenses  In  the  United  States n?r 

Con.stniction  and  engineering i5,A-» 

Civil  a^lmini-^tnition 2*' 

Sanitation  and  hospitals 1.5"' 

Rpccjuipment  of  Panama  Railroad 1.  :<! 

Relocation  of  Panama  Railroad j. «:k'- 

Purchase  of  two  ships 1..V-' 


Total »,177  »• 

Bdwaild  J.  Wiluav=^ 
EMPmx,  Canal  Zonk,  Au/g^ut  14, 1908. 
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Exhibit  A»  Appendix  6. — Statement  of  appropriations  by  Congress. 

Ptirchaseofcanalrighlts,  June  28, 1902 940,000,000.00 

Puzx^hase  of  canal  sone  rights,  April  28, 1904 10, 000,  OOa  00 

Construction  of  canal,  June  28, 1902 10,000,000.00 

Construction  of  canal,  December2l,  1905 11,000,000.00 

Construction  of  canal,  February  27, 1906 5,990,788.00 

Construction  of  canal 15, 340, 788. 00 

Reequipmont  of  Panama  Railroad 050, 000. 00 

Construction  of  canal,  June  30, 1906 25,456,415.08 

Expenses  in  the  United  States 368,242.09 

Construction,  engineering,  and  administration 21, 018, 537. 24 

Civil  administration 968,200.00 

Sanitation  and  hospitals 2, 101,435. 15 

Reequlpment  of  Panama  Railroad 1,000, OOa 00 

Construction  of  canal,  March  4, 1907 27, 161,367.50 

Expenses  In  United  States 253,00a00 

Construction,  engineering,  and  administration 20,366,000.00 

avil  administration 825,000.00 

Sanitation  and  hospitals 2,034,00a00 

Reequlpment  of  Panama  Railroad 1 ,  385, 000. 00 

Purchase  of  Panama  Railroad  bonds 2, 298, 367. 60 

Construction  of  canal,  February  15, 1908 12,178,90a00 

Expenses  In  United  States 18, 600. 00 

Construction,  engineering,  and  administration 11,990,400. 00 

Sanitation  and  hospitals 109, 900. 00 

Total  appropriations  by  Congress 141,787,468.58 

Empire,  Canal  Zone,  August  li,  1908. 

Exhibit  B,  Appendix  6. — Detail  of  receipts  for  sale  of  property ^  services  rendered,  etc.^ 
which  revert  to  the  United  States  Treasiury  as  miscellaneous  receipts^  to  Jutie  30 y  1908, 

Sale  of  Isthmian  Canal  property I93«,  165. 43 

Sale  of  property W52, 977. 38 

Sale  of  French  material  and  equipment 81,632.62 

Sale  of  water 255. 43 

Sale  of  shares  of  Panama  Railroad  stock 1,300. 00 

Rental  of  Isthmian  Canal  property 471, 015. 19 

Rent  of  lands  and  buildings 42,677.24 

Rent  of  equipment 311,047.33 

Panama  waterworks  and  seweis  rentals 71,971. 75 

Colon  waterworks  and  sewers  rentals 31,573. 00 

Rentals,  miscellaneous 13, 745. 87 

Work  done  by  Isthmian  Canal  Commission 208, 716. 34 

Labor  furnished,  Panama  Railroad  Co 180, 336. 97 

Other  labor  furnished 28,379.37 

Miscellaneous 1,104,261.00 

Hotel  coupon  books 52,508.97 

Hoteb  and  boarding  camps 737, 747. 76 

Hospital  messes 46,879.48 

Laundry  receipts 7, 382. 01 

Receipts  from  pay  patients 79, 901. 04 

Quarantine  subsistence 24,900. 53 

Receipts  from  corrals 8, 628. 56 

Telegraph  and  telephone  service 3, 547. 35 

Miaoellaneous 93,629.41 

Interest  on  loans  to  Panama  Railroad  Co i.,.     49, 135. 08 

Subsidies  and  dividends 410,945.00 

Annual  subsidy  from  Panama  Railroad  Co 75, 000. 00 

Dividends  on  Panama  Railroad  stock 344 ,  045. 00 

Total 3,140,103.06 

EmmB,  Canal  Zone,  August  li,  1908. 
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Exhibit  C,  Appkndix  6. — Clauijied  MtaUwytni  of  ezpaidUvra  to  June  SO^  JSfA* 


Departnuvt  of  dTil  administration: 

AdmuustratiOQ *1>  ".' 

Jxhiidary l.-*- 

R4»v«^  i«  and  posts 5:*    • " 

Ed  *icat)on —  J^ 

PoL<.«  an-l  prwoos 7**-    ■'  - 

Fire  an'i  mihtarv  protrfvtion 3»- 

Mai ntMiATi'^  and  operation  wat«Tworks  mnd  s^'wws,  PBn*mA  and  Cokm Ijt 

R*'p^r'5  and  ni3;nii»nan''c  of  pavpm<>ots,  Panama  and  Cokxi 7 

Miijcllanooai  looe  public  worlu _.  f-  r 

Total,  department  of  dvil  administration 2.:5«^.  -•• 

Department  of  sanitation: 

Hf^pital^  and  asylums 3.  \54    *- 

Saoitation ijr     -   • 

Total,  department  of  sanitation 6  «2=   - 

Department  of  construction  and  eni^neering,  construction  of  canaL 

Dry  excavation -  2^.  ^f^ -  -f  • 

Dredpn J?  excavation -  2,.'>-4   .  * 

Gatiin  dara —  l.oi«."   '• 

Gatiin  lotk3 1. 14   .  - 

La  Bora  dam -  S.>*  _^ - 

IjA  Boca  la  ks 3S-»  J 

Ptylro  Mi^jel  dam -  7 

Pedro  Mi^niel  Ivk^ 147     '.^ 

Miraflores  dam  and  spillway A    -"* 

Miraflore*  la  ti 412   *~ 

Total,  canal  ronstrurtion an,  l*»   «•' 

Municipal  improvements:  ^ 

Pfinama  wat»*r»''»rk-s  and  sewers -  Kv  ^-. 

(xilon  w-it**rwrorlL>  and  Sicwers —  ^""l      ^ 

Pavin?  Prinama. ♦'<*    *  ~ 

I'a\in^  f'olon '**o  - 

Zone  waterworlcs  and  sewers 2. 1Lv*  -^ 

Zone  roa^iwaya 1. 174. .   ■^ 


Total,  municipal  improvements 5 


,  * '' 


Plant: 

Panama  Railroad  sernnd  main  tra«»k !.0!7  s»  -" 

ReUx-ation  Panama  Railroad I  ^V*'  - 

Rollinc  stock fi,»4  "'  -' 

E  xcavating  machinery ** 2.  *'J    *  " 

Floatinsf  er^iiipment 4.47-   =-•  .■ 

Shop  and  other  machinery  and  tools I.  4-V  "'< 

Rails,  fastenings,  and  tie^ a.a=*»  'vv  . 

Construction  electric  light  plants ITs.AJ- 

New  buildings— 

Constniction  and  engineering 8>.>ra  '*-  • 

Civil  a*! ministration *o7  .j  . 

Sanitation *^~  -* '-  " 

Docks  and  wharves 5CC.  !  v  .'^ 

Lands  purchased '^  *"^"  • 

Corral  equipment 5-  !'••  "■" 


J  >i 


Total,  plant 31. OW  ,*> 

Grand  total 75,047,062.: 


'908. 

aterial 
adex- 
eoses, 
lalZone. 

■ 

Pay  of 

sanitary 

officers  and 

employees 

onlBthmos. 

Sanitary 

payroll 

on  Isthmus. 

Material  and 
ezpeoseson 

Isthmus, 
sanitary  de- 
partment. 

Redemption 

of  Panama 

R.  R.  bonds. 

Canal  con- 
necting At- 
lantic and 
Pacific 
oceans. 

Balances  Julv  1 

Uni^^ta]  oog  27 

S80,00a00 
57,054.07 

'S66,'856.'i9' 

1238,478.34 
63,728.88 
16,143.54 

S812.82 

?/i*  }Lii5»319.82 

946. 189. 96 

J-^'?^2«-« 

106,173.09 
9,671.06 
2,093.39 

Le  Roy  Par 
W.J.  Kara 
Appropriat 
Appropriat 
Direct  settl 
Collections  repe 
By  B.  J.  w 
By  J.  G.  Je 

By  M.  C.  G 

By  Ham.  I 

Transfer  of 

Settlements  wi 

July  1, 19 

Total... 
By  E.  J.  WlUia 

' 

p,  666. 66 

766,000.00 

468,000.00 
160,90aUO 

8oo,ooaoo 

12,298,367.50 

J 

1,606.15 
2,65&09 

^  275.63 

1. ....... 

23,624.74 

13,170.48 

41,887.35 
68.73 

3,949.47 
74.83 

t 

r 

........9.. , 

If 

li........ 

• 

5.95 

P 

150.00 

1.506.813.97 

t,  902. 18 

926,678.81 

710,920.67 

1,150,312.79 

2,298,517.50 

2,582,040.43 

i  763.  IS 

760,067.90 

484,156.84 
17.30 

349,493.05 
190,332.95 

723,348.92 
31,004.44 

ByJ.  O-Jeagjili^lm 

By  Le  Roy  Par 
By  W.  J.  Kam 
By  Ham.  Fish 
Direct  settleme 

[., 

9,462.32 

< 

12,093.39 

- 

2,148,367.50 

).  003.46 

12a  00 
6,971.62 

31,222.19 
130,225.10 

39,669.95 

22,999.72 

Transfer  of  appi'  ^q  oT 

Settlement  wiW^^'^'^ 

July  1. 1907..   g8fl^42 

34,984.76 
2,499.70 

41,068.78 

Total.... 

BAT 

In  U.  8.  Traasi 

With  disbursin 

E.  J.  Willifi 

' 

1,274.23 

767,150.52 

521,606.60 

740,943.24 

2,148,367.50 

839,997.57 

1365.66 

78,906.38 
80,610.91 

124,033.24 

64,795.83 
483.00 

347,087.00 

41, 123. 18 
21,209.37 

150,150.00 

85,494.06 
225,496.73 

JQ:J«ster^:i^;S2 

1,425,843.31 

lie  Roy  Pai 
W.J.  Kara 

Total  avfl 

5 ."..". 

206.74 

i 

5,000.00 

i,  627. 95 

150,519.29 

189,312.07 

409,369.55 

150,150.00 

1,742,042.86 

Emphi 
5' 


Edwabo  J.  WiLLXJLMs,  DU^Ttiftg  Officer. 
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APPENDIX  N. 
BEPOBT  OF  W.  W.  WABWICK,  EXAHIirEB  bF  AGCOTnTTS. 


Empire,  Canal  Zone,  August  7, 1908. 

Sib  :  I  have  the  honor  to  submit  the  following  report  of  the  business 
of  the  department  of  examination  of  accounts  of  the  Isthmian  Canal 
Commission,  includinj^  also  work  done  as  auditor  of  the  Canal  Zone 
government  for  the  fecal  year  ended  June  30,  1908.  This  depart- 
ment was  created  by  executive  order  of  August  15,  1907.  when  the 
positions  of  jgeneral  auditor  and  local  auditor  were  abolisned.  As  I 
arrived  on  the  Isthmus  June  5,  1908,  to  take  charge  of  the  work  of 
the  department,  this  report  covers  but  a  few  weeks  of  the  time  I  have 
been  in  charge  and  is  in  substance  a  report  of  the  work  done  under  my 
predecessor,  Mr.  H.  L.  Stuntz. 

This  office  has  given  the  administrative  examination  to  the  accounts 
of  the  disbur£ing  officer  before  their  transmission  to  the  Auditor  for 
the  War  Department.  During  the  vear  13  accounts  have  been 
received,  involving  about  6,500  vouchers,  including  the  pay  rolls. 
These  rolls  were  supported  by  about  400,000  pay  certificates.  No 
substantial  differences  were  found  as  a  result  of  this  administrative 
examination  made  of  the  disbursing  officer's  accounts  after  the 
vouchers  were  made  up  and  paid  by  him.  The  examiner  was  required 
by  the  executive  order  to  cneck  the  pay  rolls  of  employees  engaged 
upon  a  monthly  or  yearly  basis  from  the  appointment  records.  Tnis 
has  been  done  by  a  check  from  the  personnel  records  kept  in  the 
disbursing  office.  The  appointment  records  are  kept  at  Culebra,  and 
it  was  impracticable  to  make  the  check  from  such  original  records. 
A  better  plan  than  that  now  in  use  will  be  devised  as  it  is  evident  that 
a  check  of  the  disbursing  officer's  pay  rolls  from  the  records  kept  by 
him  is  not  the  best  that  can  be  had. 

Inspections  of  the  accounts  of  all  officials  of  the  commission  on  the 
Isthmus  charged  with  the  care  of  funds  or  property  of  the  commission 
have  been  carried  on  so  far  as  the  force  of  tne  office  would  permit. 
There  are  122  offices  to  be  inspected,  and  the  total  number  of  inspec- 
tions was  208.  The  offices  mcluded  those  in  the  revenue  service, 
divisions  of  schools  and  police,  clerks  of  courts,  hospitals,  dispen- 
saries, hotels,  clubhouses,  post-offices,  and  timekeepers  in  vanous 
departments.  In  addition  to  the  inspectioEL  this  office  has  witnessed 
and  certified  to  the  transfer  of  vanous  offices  from  one  person  to 
another.  It  has  also  witnessed  and  verified  the  destruction  of 
coupon  books  when  for  any  reason  the  books  of  this  class  were  to  be 
destroyed. 

The  force  has  been  engaged  for  many  davs  during  the  year  in  taking 
inventories  of  property  in  various  branches  of  the  service.  It  has 
not  been  practicable,  however,  to  take  a  complete  inventory  of  all 
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operty  on  the  Isthmus.     The  examiner  has,  however,  been  r-   : 
'^•onted  when  inTentoiies  were  taken  hy  officers  charged    wi-L 
CMistody  of  property. 

The  cash  m  the  hands  of  all  officers  intrusted  with  public  m^r:.       I 
the  Isthmus  has  been  counted  and  the  balances  Terified   at  - 
inspection.     The  cash  in  the  hands  of  the  disbursing  officer  h^^  :•-  | 
counted  and  found  correct  with  the  exception  of  minor  discreptir 

A  large  part  of  the  force  connected  with  this  office  has  been  e:::;^--  I 
outside  or  the  office  in  the  work  of  time  inspection.  Al>^u:  J 
inspectors  have  been  emploved  in  checking  the  time  books  ir.  i 
hands  of  timekeepers  and  foremen  engaged  upon  the  work  t.  I 
departments,  as  well  as  the  force  employed  by  the  Panama  Rai!:  I 
Company.  These  inspectors  examine  time  books  in  the  hands  ct  i 
timekeepers  or  foremen  and  see  that  the  men  credited  with  *.  i 
are  present  or  accounted  for.  These  inspections  are  made  at  irrez  i 
times  and  an  effort  is  made  to  correct  errors  and  to  prevent  i 
crediting  of  more  time  to  employees  than  they  have  worked,  wIip^: 
such  time  is  given  through  error  or  intentionally.  The  fonv 
inspectors  is  always  busy  oecause  of  the  fact  that  there  are  a'^'  I 
1,500  gangs  to  be  inspected,  and  they  are  scattered  all  over  •  \ 
Isthmus.  It  is  believed  that  this  work  of  inspection  has  rt*sii.  I 
in  the  correction  of  many  errors  and  the  prevention  of  mistakes  a  I 
intentional  overcrediting  of  time.  The  time  inspectors  have  :i  i 
been  engaged  for  short  periods  in  the  work  of  taking  invent ork>  I 
property. 

Tlie  auty  assigned  to  the  examiner  of  checking  collections  mavif 
the  disbursing  oliicer  from  the  record  of  claims  payable  to  the  c  - 
mission  has  been  performed  so  far  as  practicable  under  the  p   i 
outlined  when  the  duty  was  assigned  to  nim.     At  the  suggest i«-n   I 
the  examiner,  all  claims  due  the  commission  from  its  employees  ^» n 
deducted  from  June  salaries,  and  hereafter  there  will  be  no  aocun Ji' 
tion  of  claims  by  the  commission  against  its  own  employees. 

One  of  the  duties  assigned  to  the  office  is  to  report  to  the  chairn:::  i 
any  irregularities  in  the  accounts  or  books  of  any  officer  or  enipjovr  i 
of  the  commission.  There  have  been  many  irregularities  reponV  , 
but  they  were  not  important  and  none  but  such  as  could  be  corrtvt'  I 
by  suitable  instructions.  They  related  more  to  the  unintentior:J 
violation  of  rules  prescribed  by  the  chairman  than  to  any  actjj 
wrongdoing. 

ACCOUNTS   OF  THE   CANAL  ZONE   GOVERNMENT. 

Since  the  organization  of  the  government  of  the  Canal  Zone  r 
1904,  the  accounting  officers  of  the  Isthmian  Canal  Commission  hf.V'^ 
been  assigned  the  duty  of  auditing  the  accounts  of  the  Canal  Zou 
government,  and  the  same  duty  was  assigned  to  the  examiner  • 
accounts  when  his  department  was  created.     During  the  year  v> 
accounts  Avere  receivea  from  tax  collectors,  district  judges,*  t  iroi.i' 
court  clerks,  the  collector  and  deputy  collectors  of  revenues,  ami  :U 
treasurer  or  the  Canal  Zone.     These  accounts  have  been  aiuiitri:. 
The  cash  in  the  hands  of  the  treasurer  of  the  Canal  Zone  was  couiii' 
in  January,  1908.  ! 

By  the  act  of  March  4,  1907,  section  2,  Congress  appropriated  \\r 
revenues  of  the  Canal  Zone  until  and  includl^  June  30,  IOCS,  am 
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equired  that  the  revenues  of  the  postal  service  should  be  used  for 
he  maintenance  of  that  service  and  that  the  remaining  revenues, 
ifter  setting  aside  a  miscellaneous  and  contingent  fund  of  $10,000, 
ihould  be  applied  to  the  maintenance  of  the  public-school  system  in 
,he  2k>ne  and  to  public  improvements  within  tne  Zone.  By  section  3 
>f  the  act  of  May  27,  1908,  Congress  made  provision  for  the  appro- 
priation of  funds  of  the  Zone  thereafter  collected.  This  required  a 
ihanffe  from  the  plan  of  expenditures  provided  for  in  the  act  of 
Vlarcn  4,  1907,  so  that  the  requirements  of  the  1907  act  as  to  the 
disposition  of  revenues  to  and  including  June  30,  1908,  was  super- 
aeded,  and  the  act  of  May  27,  1908,  governs  the  disposition  of  funtls 
collected  on  and  after  the  date  of  that  act.  It  is  substantially  the 
same  disposition  of  the  revenues  as  was  ordered  in  the  1907  law. 

I  inclose  statements  showing  the  revenues  collected  from  March  4, 
1907,  to  June  30.  1907,  by  districts;  the  revenues  collected  between 
Julv  1,  1907,  ana  June  30,  1908,  by  districts;  the  total  receipts  and 
disbursements  of  revenues,  as  well  as  the  disposition  of  trust  funds. 

I  inclose  also  a  statement  showing  the  postal  business  by  nost- 
offices  and  other  figures  relating  to  the  postal  business  of  the  Oanal 
Zone  for  the  fiscal  year  ended  June  30,  1908.  This  statement  shows 
that  the  money  orders  issued  during  the  year  were  of  the  value  of 
$4,686,684.98  and  that  the  money-order  fees  amounted  to  $19,309.14, 

The  work  assigned  to  the  department  of  examination  of  accounts 
may,  in  general  terms,  be  said  to  be  that  of  inspection  of  the  books, 
records,  and  accounts  of  all  oflBcers  and  employees  charged  with  the 
receipt,  custody,  and' payment  of  money,  and  the  receipt,  custody, 
issue,  and  use  oi  property.  The  expenditures  for  canal  constiiictiou 
exceed  $30,000,000  per  annum,  and  from  the  records  of  this  office  and 
my  personal  observation  during  the  short  time  I  have  been  on  the 
Isthmus,  it  is  evident  that  the  work  is  being  done  with  almost,  if  not 
quite,  the  minimum  amount  of  loss  by  irregularities  or  dishonesty. 
The  organization  of  the  large  force  engaged  on  the  Isthmus  is  such 
as  to  secure  accurate  work.  The  character  of  men  employed  is  such 
that  it  would  be  difficult  to  find  anywhere  as  large  a  force  without 
finding  a  larger  number  of  incompetent  men  and  those  of  a  lower 
standard  of  honesty. 

The  work  of  those  employed  in  this  department  has  been  well 

Eerformed.     Considering  the  number  employed,  the  amount  of  work 
as  been  large,  and  it  has  been  service  or  a  nigh  standard. 
Respectfidly, 

W.  W.  Warwick, 

Examiner  of  Accounts. 

Lieut.  Col.  Geo.  W.  Goethals,  U.  S.  Army, 

Chairman  and  Chief  Engineer^  Oulebra,  Canal  Zone. 
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Dix  1. — Hmnuu  collected  between  Mardt  4,  1907,  and  June  SCt,  ISf07,  £y 

igtrathe  d^ttricia  in  the  Canai  Zone. 


On  aoooimt  of— 

AdministraxiTv  dissies 

i. 

T.'- 

Ocmma.^ 

Qasbobi^^ 

^ nfm^  )i<WQIf^ ,    ..^, 

S3.00 

■ 

•D.2? 

«.  75 

112  75^ 

i?7.s; 

1,27,%  <*5 

n5.tK>  , 

£t2  ai» 

42*7^; 
904  -^ 

342  f*l 

375.  act 
3fc  <^ 

4<*i.  'JO 

41.30 
975.  <3 

&    _ 

BiiriMJ  pwrt^H*  . . . .  r , .     .  X , , , ,   -  - 

4^75 

S45.75  • 

&.ao  , 

187.82  • 
X  Oil.  30 

$4&.75 

7.0D  , 

1 

187.81 
1.330  55 

i*      • 

Carts  iikI  cxiacb^ 

Court  collations: 

Circuit 

I)  islrict 

F©«1  m^  prisoQW 

187  81 

1,2j9  «> 

M.SO 

7*.,   -" 

'4     "* 

U uiilinir  uerrDiLs. 

fltL25 

»  25 
37*  07 
awi  00 

:>.i.ao 

1.9a>.22 

^  \0 

37*>  00 
36  <^ 

350  00 

7.» 

10K.a2 

530.41 

2  00 

3S  00 

3.110  00 

G8u» 

8r,.25 

379.08 

227.80  , 

3S9.40 

1,212.35 

25  00 
375.00 

36.67  , 

u. 

IctTTlJil  rf  VtTlU***" 

379.08 

1    - 

LtiZKi  and  buildinij  rvntal 

Market  swk« 

M'T'^hano  i***  tai             , . 

4.25 

........        544  » 

MiJtc«-lLin*oui 

pirif^irH"  iMvnsf* 

(£04 

375  fC 

PolR*  fines 

FoU  lax 

3t.  «* 

24  00 

PraI«**>sional  licenses 

2-ao 

8.50  ' 

a&Qb  1 

1,034.85  , 

" ,       • 

pii^lto  «'n!^rtainn*enl* 

8.00 

■«»-  - 

Real  t-state: 
1907 

1.361  99 

3_  v»- •  »  • 

19C* 

37.  *iO 

Tl'vtjLiirfmtJ(  and  hnti*I< ...                     

7VI.30 

84.20  > 
1,417-75 
74.90    . 

148. 8U 

->  -•"    " 

Slaughter  of  animals 

WiiXfT  and  Sfpu'er  rental . .          .... 

21.00 

327.35 

■?7>'    '■ 

Total 

4.931.1S 

10,822.91 

7,  out  76 

6.009.72 

2S.»44    •" 

Appekdix  2.— Revenues  rolleeted  between  July  1,  1907,  and  June  SO,  190S,  by  adtft^n- 

isirative  distrvcU  of  the  Canal  Zovu. 


Admlnistratire  districts. 


On  account  of — 


Animal  licenses 

Burial  permits .* 

Cats  and  coaches 

C<:..nooli6cti«»u&: 

v.rcuit 

District 

Insurance  doposits 

Intii'mal  revenue 

Hospital  revenues 

I.An<l  and  building  rentals. 

Market  space 

Merchand  ise  tax 

Miscellaneouii 

Poll  tax 

Proffisslonal  license 

Public  entertainments 

Real  estate; 

1907 

1908 

Restaurants  and  hotels 

Slaughter  of  animals 

Water  and  sewer  rental 

Refundment 


Anoon. 


S21.00 
21VJ.75 


i.rw  3R  ' 

5,553  85  ' 

.'E-21 

6,  aw.  74 

15.00 

3,9m.?. 

9ii.0n  ' 
4.192.G5 
7.:>:e75 
1,310.00 


20.00 

3,019.a5 
195.00 
119.  .10 
006.30 


Empire.    ,   Qoipuuu  '  Cri5lol>9l.  * 


I 


flRO.OO 
^Ki.  75 
120.45 

i.ess  37 

11,7(15.30 

32.25 

6,  aw.  74 

15.00 

5,577.11 

2.(tt5.64 

15.279.23 

7,589.12 

052.40 

2.30 

723.50 

555.00 
4.09G.00    . 

634.90 
7.954.00 
1,009.80 


$!«"!.  00 
265.  7.=i 
21.20  , 

l,fi».38  ' 
6.443. 87 

32-36  ■ 
6,aS3  73 
15. 00 
8,539.03 
1..V«.00 
10.717.72  , 
7,529.95  ' 
40&00 

3.00  ■, 
370.00  • 

913u70  I 

'     *29i."96*< 
3.^26.00 
879.97 


Total I    3C..249.29  i    66,245.06       «,741.*> 


rvxso 

3bS  75 
713.55  ' 

1.698.42 
6.714.75 

32. -26 
6,053.73 

15.00 
4.72199 
2.{l3rVG0  , 
4.723.96 
7.555  30  ' 
799.  GO 


112.00 

5!».83 
1,292.75 

274.00 
1.549  50 

439.30 
2.74 


Tot.Ai. 


%^*2.  '. ■ 
l.i>;    ,» 

iw.  1 .  J 

«,7S*:»  V 

ao,*:T  r- 

i_*-  ": 

24.214  --^ 

22, '^r*     '• 

5. 7.%4  :« 

3»17iV  »' 
1,22.V  V 

8.4*»«  :■' 
i.LV".  :■■ 

13.  44 -J    1 
2,Wi*4  .C 
2  74 


39,£8&55  i     101, S34.^ 
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Appendix  3. — Revenue  account,  March  4,  1907,  to  June  SO,  1908. 

CoUected  prior  to  March  4, 1907 $134,781.10 

CoUections,  March  4, 1907,  to  June  30,1907 28,844.57 

Balance  turned  over  by  municipalities 1 , 1 70. 70 

Refundment fiO.23 

CoUected  and  disburaed  by  municipalities,  Mareh  4  to  April  14, 1007 12,313.32 

CoUections,  July  1,1907,  to  May  28, 1908 170,802.23 

CoUections,  May  27, 1906,  to  June  ao,  1908 20,942.73 


Postal  revenue  account,  March  4. 1907,  to  June  30, 1908: 

Sale  of  stamps  to  June  30, 1907 821 ,  684. 48 

Money-order  fees  to  June  30, 1907 4, 537. 12 

Sale  of  stamps,  year  ended  June  30, 1008 72, 709. 54 

Money-order  fees,  year  ended  June  30, 1906 19,309. 14 


8360,009.88 


28,171.58 


02, 018.(18 


118, 19a  1 


Total  Canal  Zone  revenues 487,200.14 


Appendix  4. — Disbursement  of  Canal  Zone  revenues,  Mardi  4, 1907,  Iq  June  SO,  190S. 

From  March  4  to  June  30, 1907: 

From  revenues  collected  prior  to  March  4, 1907 117,  SDi  40 

CoUected  and  disbursed  by  muniolpallUes,  Mareh  4  to  April  14, 1907 12, 313.  SI 

Miscellaneous  and  oentineent  expenses 20.00 

Public  improvements  and  schoou 18,098.18 

Public 
Improvements.      Schools, 

Anoondistrict 81,901.75  13,532.18 

Empire  district 5,140.82  1,319.30 

Gorgona  district 1,876.25  1,2(H.79 

Cristobal  district 1,856.24  l,2.n7.8a 


From  July  1, 1907,  to  June  30, 1908: 

From  revenues  coUected  prior  to  March  4, 1907. 

MisoeUaneous  and  contlnsent  expenses 

Public  improvements  and  schoou 


10,784.00 


7.314.10 


^873.41 

91H.IH 

77,»M.W 


8m«m.« 


Public 
ImprovcimentJi. 

Anoondistrict |6,0ian7 

Empire  district 99,430.09 

Oorgona  district 4, 435. 60 

Cristobal  district 0,923.25 


Postal  service: 

Paid  for  stamps 

Paid  Isthmian  C'anal  Commission. 


4(\.Wa27 


Schools, 

87,733.15 
7,36M18 
7,3T2.M 
T,  979k  64 

»il,4MV«l 


49J«^V<«) 


lUV«f,i«\ 


Total  disbursements ,    )MA«4;t(  4^1 


348 
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Appendix  5. — Statement  of  erfhange  of  postal  money  orden  between  the   Onw7  Z 
Isthmus  of  Panama,  and  thf  Unit^  St€it/'s  of  America,  for  thefiteal  yearmdfd  J- 

I90S. 


i  '.' 


July,  1907. 


Total  orders  issued S347. 809. 84 

131.16 


Aag.,  1907. 


Sept.,  1907. '  Oct.,  1907. 


i 
Not.,  laOT. '  I>c,  I* 


281. 

3,; 


Drawn  on  Initfd  States 

United  Susies  orders  paid 

Drawn  on  rnitod  States  and 

repaitl  in  Canal  Zone 4, 40a. 94 

Orders  paid  by  United  StAtes 

I'ost-Ofrjce  [)epartinent 260,201.48 

Remit tinnoes  to  UnittKl  States 

rost-Oflioe  lK«partitienl 205,000.00 

Canal  Zone  orders  drawn  on 

Canal  Zone 66,738.68 

CaiiaJ    Zone   orders    paid    in  ■ 

Canal  Zone '    62,239.74 

Money-order  tves 1, 444.  (>4 


^11,906.35 

241,006.40 

2,209.55 

2,975l12 

234,609.81 

2i5,ooaoo 

70,901.95 

52,905.35 
1,256.02 


S332,307.95 

264,035.31 

1,417.30 


$351,937.63 

27(i,30a.gS 

l,835w50 


3,17^.42  j      4,163.98 
196,593.34  '  22S»0g3.54 

2Q0,OQaoo  ;  230,000.00 

r 

78,272.64  ' 


53,668.67 
1,377.79 


75,633.75 

63,299.94 
1,442.32 


;S3Sl,5r.l.3D 

'  287.235.  £«:. 

1,899.88 

351,244.81 

230,0QQlOO 

94,325.24 

»>,fi97.84 
1,579.04 


MS    ' 


Jan.,  1908. 


Total  ord<>rs  issned $427, 8W.  25 

301,491.34 
2,819.89 


Drawn  on  rnit<'(l  States, 

United  State^s  orders  paid 

Drawn  on  l'nit»'d  Stale:*  and 

repaid  in  Canal  Zone 

Orders  pai  1  l>y  Cniifd  States 

rost-< )  fT'ic*^    D«'part  tnen  t 

Remit t;iiie«»s  to  I'nited  States 

I'ost-Oflice  I>ep;irlm«'nt 

Canal  Zone  orders  drawn  on 

Canal  Zone 

Canal    Zone   ordi'rs   paid    in 

Canal  Zone 

Money-ord«'r  Uh>s 


2, 
2»i, 
245, 

126, 

70, 
1, 


594.81 

311.11 

000.00 

407.91 

.'W1.79 
736.19 


Feb.,  1908.    Mar.,  1906. 


$418,739.57 

289,947.77 

4,000.62 

4,512.58 

263,938.40 

29o,ooao» 

128, 791. «) 

73,231.50 
1,710.85 


$430,437.16 

306,666.63 

4,029.37 

4,827.76 

275,952.46 

260,000.00 

123, 77a  53 

98,  !m.  54 
1,7S2.15 


A.pf.,  1908.    May.  IMS.    Juni.  l*^ 


$445,979.48 

320,405^58 

2,982.28 

7,126.77 


$403,108.14  .  $C>V«w». 


285,645.07 
3,  US.  05 

5,766.57 


324,ga6w38     284,165.31 


245,000.00 

125,573.90 

114.228.51 
i      1,84&05 


290,00aOO 

117,463.07 

114,450.09 
l,f>G8.30 


2fK%3»   -• 

iis,i'iH: 

llri.>>>'-'' 
J,  ••  ••-• 


Orders  payable  in  Cnited  States $i,4W.7V'  ^" 

( )rd»'rs  payal tie  in  Caiud  Zone 1, 22.>,  it  <  " 


Total 


4,6St>,».M^ 


Orders  dmwn  on  Cnitod  Statt^s  and  paid  In  United  States  (105,193). .. 

Orders  drawn  on  Iniiod  States  and  repaid  in  Canal  Zono 

Orders  drawn  on  Canal  Zone  and  paid  in  Canal  Zone 

OrihTsoiiLsiandingand  unpaid,  Jnly  1,  iyo7,to  June  30, 19C« 


2,  S7^.  I''''-  '■' 


Total 4,cay:su<4..*' 
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Appendix  6. — Statement  shovnng  the  postal  husinesa  of  the  Canal  Zone,  Itthmxu  qf 
Panama,  for  the  fiscal  year  ended  June  SO,  1908,  by  post-offices. 


MONEY  ORDERS  ISSUED. 


Post-ofQce. 


Post-offloe. 


An<x)n 

A  neon.  Station  A  « 

Bas  Obispo 

Bohio 

Corozal 

Cristobal 

Tulebra 

Empire 

Gatun 

Gorpona 

La  Boca 

Las  Cascadas 

Matachin 

Paraiso 

Pedro  Miguel 

San  Pablo  6 

TaberniUa 

Total 


Total  issued. 


$329,373.46 

67,510.53 

127,(122.82 

11,833.17 

58,651.39 

715,794.66 

569,961.60 

698,274.47 

212,871.87 

589,929.97 

177,940.99 

275,171.86 

43,239.01 

277,799.90 

291,558.50 

69,342.06 

169,808.54 


4,686,684.98 


Drawn  on 
United  States. 


1278,523.95 

60,868.15 

83,689.06 

9,216.44 

42,293.06 

641,471.54 

397,245.44 

492,601.02 

160,821.06 

416,452.60 

118,114.32 

184.28&24 

37,025.55 

187,288.65 

179,602.70 

40,420.46 

121,745.90 


3,460,755.25 


Drown  on 
Cnnal  Zone. 


950,849.51 

6,642.38 

43,933.76 

2,610.73 

16,358.31 

74,323.12 

I72,7ia25 

205,h83.45 
43,050.81 

173,477.37 

60,826.67 

90,886.68 

6,213.46 

90,511.25 

111,955.80 
28,921.60 
48,062.55 


1,225,929.73 


Anoon 

Ancon,  Station  Ao 

Bas  Obispo 

BohIo 

Corozal^ 

Cristobal 

Culebra 

Empire 

Gatun 

Gorgona 

La  Boca 

Las  Cascadas 

Matachin 

Paraiso 

Pedro  Miguel 

San  Pablo  & 

Tabemilla 

Total , 


Money  orders. 


Drawn  on 

UiUted 
States,  re- 
paid In  Ca^ 
nalZone. 


$3,671.91 

640.30 

757.60 

221.00 

290.88 

9,148.88 

8.735.35 

4,520.36 

900.45 

8,499.72 

1,278.86 

4,797.01 

702.35 

3,544.81 

4,546.84 

707.50 

1,768.97 


54,723.78 


Issued  in 

United 
States,  paid 

in  Canal 
Zone. 


$5,671.42 

934.99 

1,435.65 

124.03 

1,281.12 

8,464.75 

3, 13a  16 

3,326.45 

1,208.85 

2,492.12 

772.06 

305.10 

201.40 

1,830.46 

1,619.15 

103.36 

477.38 


83,878.45 


Issued  in 

Canal  Zone, 

paid  in  C«- 

nalZone. 


$70,443.63 

10,919.45 

30,327.04 

1,600.10 

8.244.30 

92, 62a  53 

149,830.61 

161,501.30 
21,381.00 

126,674.01 
39,762.35 
62,952.86 
2,476.14 
56,554.30 
85,625.83 
13,530.50 
28,666.35 


063,027.10 


Revenues. 


Money^oi^ 
derfees. 


$1,476.52 

286.02 

523.(0 

62.55 

253.56 

3,060.36 

2,810.72 

2,800.22 

058.49 

2,aoa23 

727.41 
1,087.71 

224.03 
1,002.08 
1,182.80 

274.13 

603.88 


10,300.14 


Postage 


$8,373.01 

1.565.63 

1,837.38 

341.68 

1.045.14 

U\,474.04 
7,738.58 
8,753.01 
4,065.15 
6,484.00 
3,667.28 
8,247.00 
1.150.51 
3,707.60 
3.730.00 
1,207.15 
3,231.40 


?i.700.54 


o  Anoon,  Station  A,  disoontinued  April  30, 1906.        ^  San  Pablo,  established  January  1, 1006. 
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BEPOBT  I8THMIAK  CASAL  GOMMISSIOK. 

'ReeeipU  and  diihunenunii,  Jvhf  1,  19(f7,  to  June  SO,  1908,  6y  n^ 

heading$  of  aeeouni. 


t756L63 
0,980.00  f 


If  isoellaneous  and  oontinimit: 

1W7 

1908 

1909 

Pablic      improvcxneziU    and 
Bcbools: 

1907 '  I04,3nfi.75 

190S 14,243.13 

190f» 

Postal  rereipts: 

1908 15,171.58 

1909 


InbaxMfeof 


1- -r 


I       f756L«3 

.      9,075.76 

10,000.00 


<•     - 


82.  SS 

170.802.23 
10.942.73 


5,W3.41  '    »,a8S.g7  ' I       ?<..--• 

77,25L0B  1  107,884.27  ; !     !•  "  v^. 

i    10.942.73       fl.SaSLOS  s-  1 


84,501.13  I    09,673.21  i 

7.517.05 !      7,517.05 


22&50 


7.2X- 


Total 


144,358.09  ,  283.906.17  ;  183.501.95     244,702.31         2,067.5K  .     242. 

I  !  I 


Appendix  S.— Money-order  funds,  Jvhf  1, 1907,  to  June  SO,  190S. 


Balance*,  July  1, 1907 

8aU-> 

l)iN.btir«vi  I'V  postmasU'rs 

Komitted  to  rostinastor-Goncral  of  the  United  States. 

Balance  in  hands  of  treasuror,  June  30,  1908 

Balances  in  hands  of  postmasters,  June  30, 1906 


Total 


Racdpts. 


t247,00&22 
4,68(>,G84.96 


Dbbtme- 


4, 934,291.  ao 


$1,051,129.42 
3,055,000.00 


'\ 


B*Iaix>r>. 


«sij  .-t^- 
ix":* 


4.106,129.  «2  :        S2sh 


Appendix  %.—Tnui funds,  July  1,  1907,  to  June  SO,  1908. 


Fund. 


Y.  M.  C.  A.  clubhouses. 
Circuit  courts 

District  j  udj:<?s 

Administrator  of  estates . 


Total 


Receipts. 


$56, 57a  66 

22,896.12 

18,128.20 

6,347.67 


103,942.65 


Disband 
ments. 


S47,17L65 

14,308.12 

17,855.15 

5,Q2&eO 


84,3fi&61 


BusnoBS. 


r,w*«01 

8,533.00 

273.05 

1,318.96 


19,564.04 


\ 
In  hands  of  I    In  tr*-' 
ocdlecton.  ;        urr. 


S303.71 

8,593.00 

273.03 

l,31&9g 


10,4S&74 


lS».<>Ci 


9,«H<i  * 


Appendix  10. — Treasurer's  balance,  June  SO,  1908. 


Revcnties 

Money-order  funds . . 
y.M.C.  A.  deposits. 


812,3.*^:  -• 

9.<Vv  i- 


Total. 


..  1.064,177.*. 


APPENDIX  O. 

REPORT  OF  A.  BRUCE  MDTEAR,  GENERAL  SECRETART,  TOUVe 
MEK'S  CHRISTIAV  ASSOCIATIOH  OF  THE  CAVAI  ZONE. 


CuLEBRA,  Canal  Zone,  August  6,  1908. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  work  con- 
ducted in  the  commission  clubhouses,  under  the  supervision  of  the 
Yoimg  Men's  Christian  Ajssociation,  during  the  fiscal  year  ending 
June  30,  1908: 

The  beginning  of  the  fiscal  vear  was  marked  by  the  formal  opening 
of  the  clubhouse  at  Cristobal.  Similar  equipments  at  Culebra, 
Empire,  and  Gorsona  had  been  in  operation  a  ononth.  The  secre- 
taries in  charge  had  been  carefully  selected  from  those  of  special 
training  and  successful  experience.  Closely  associated  with  each 
secretaiy  has  been  an  executive  coimcil  representing  the  varied 
interests  of  the  membership.  From  the  beginnm^  these  organizations 
have  continued  in  healthv  condition  and  nave  aeveloped  a  spirit  of 
a?:Dciation  brotherhood  oy  which  members  promote  the  welfare  of 
oae  another,  rather  than  by  a  spirit  of  selfish  gain. 

The  associations  are  democratic,  without  forced  congeniality,  and 
each  member  recognizes  that  within  the  clubhouse  he  meets  other 
oflicials  and  employees  only  as  man  to  man.  ^  This  has  produced 
very  noticeable  results  in  eluninating  caste  distinction  that  had  pre- 
viously threatened  the  highest  welfare  of  employees.  The  mem- 
bership is  thoroughly  representative  of  all  classes  of  white  gold 
employees,  and  the  skilled  mechanics  constitute  about  59  per  cent 
of  the  total. 

The  clubhouses  were  planned  to  accommodate  a  membership  of 
250  to  300  each^  but  the  total  number  of  members  in  the  four  asso- 
ciations has  vaned  from  1,327  to  1,727.  During  the  fiscal  vear  more 
than  3,000  different  employees  have  availed  themselves  or  member- 
ship privileges  and  have  contributed  an  average  of  $4,480.87  per 
month  toward  the  operating  expenses.  The  membership  has  con- 
stituted an  average  of  55  per  cent  of  all  white  gold  employees  living 
in  the  four  towns  havins  clubhouses. 

The  balance  of  the  gold  population  has  given  liberal  natronage  to 
public  entertainments  and  "open-house''  receptions.  Visiting  con- 
tractors and  other  guests  have  been  appreciative  of  the  courtesies 
extended  them.  Social  clubs,  women's  clubs,  and  kindred  organi- 
zations have  been  given  the  use  of  the  entertainment  halls  for  regular 
and  special  occasions.  Altogether  the  clubhouses  have  served  prac- 
tically the  entire  white  population  of  the  respective  towns. 

A  conservative  estimate  of  the  attendance,  based  on  actual  counts 
during  periods  of  seven  successive  days,  is  placed  at  1 ,208  p^^  ^ 
average  for  the  year.    There  have  been  95  entertainmen' 
high-grade  lyceum  and  yaudeviUe  talent  imported  f~ 
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for  tliig  purpose,  and  the  attendauce  at  these  has  agere^ated 
Ltnal  tau»nt  1ms  l>eeii  used  for  KU  entertaiiunenls,  vitli  a  tuial  f-'j  - 
au»'^  of  2*J,5r>(K  exf'lusive  (»f  f unci  icjiis  of  social  elul>s.     T*fae  r*-  *  - 
gaiue,s  in  bowling  have  totaled  04^47  and  in  pool  and  billiardF  i^T     - 

Tlie  asfciociation  members  have  orr:anized  themseJTes  into  l— 
small  clubb  for  special  a^'tivitiet,  such  a^  chess,  checker.  ^1<^,  n^jj-*' 
camera,  and  orchestra  clubs,  and  4V)S  men  have  thus  asi-:>ciate^i  ''  '- 
selvefc.   in   conirenial   prou]>s.     Likewise  those  intere^st-ed    in  Mi 
meetiiiiTb  and  c.(.»nc^rtf;  have  held  116  gatherings,  with  an  att-eL..:.' 
of  7,^<r*ti,  and  129  men  have  engaged  in  weekly  Bible  disms:i  'II- 

i^ducational  classes  have  bet^n  conducted  of  eTeninx:s  in  I>t»^^-- 
arithmetic,  mechanical  drawing,  EngUsh  grammar,  shorthan-J.  i"- 
a\d,  and  wirele8^  t'clejrrapLy.     Three  hundred  and  ninetr-one  dzf-r- 
students  have  fc'llo'wed  these  courses. 

The  gyimiasiums  provided  originally  proved  inadequal^  and  ;•!  - 
ical  work  has  been  conduct*»d  in  the  ent-ertainment   iLails.     -*>-' 
hujidred   and   lift y-Cve   different   men   have  engaged   in   sysT**::i.- 
gymnasium   Mork,   and   such   games  as  basket,  volley,    and  ii- 
ba.«!»eball,   and   their  total   att-endance  has  been  9.253.      Thre€  r- 
meets,  exclusively  association,  have  been  held  on  hohdays,  aii-  :• 
assof'iati<»ns  ccK»}M.Tated  in  the  field  sports  of  additional  h<diday?^ 

The  soda  fountains,  t<>gether  "with  ic^  cre^m  and  lK>ttie*-  ?  * 
drinks,  have  proven  a  great  social  attra<-tion  and  have  kept  il-'. 
from  the  saloons.  The  gross  receipts  from  this  service  ^■■''^ 
$15,399.02. 

Well-equipjx^d  barl^er  shops  have  been  added  to  the  clubi  ->- 
equipment  and  first-class  American  barbers  placed  in  charge^ 

The  average  number  of  men  voluntarilv  serving  on  committot*?  5: 
any  given  time  was  175.     About  8S0  calls  were  made  on  men^tK;'-* 
sick   in   hospitals.     Facilities  for  letter  writing  were   iisckI   10  :l-- 
extent  of  about  5,000  letters  }>er  mon th- 
in November  the  commission  installed  a  library  of  500  volumes  - 
each  clubhouse,  and  to  these  the  associations  have  added  new  b»«  ?^* 
each  month.     All  books  of  fiction,  biography,  and  history  are  cir  > 
lating.     No  charge  is  made  fc>r  the  use  of  bc>oks  and  dep>osits  in.-.^' 
their   return.     During   the   eight    months   since   the   hbraries   ^'^>' 
in'^ta]led  736  members  have  'withdrawn  9.039  books.     These  are  a.- 
read  largelv  bv  the  families  of  members.     In  each  clubhouse  t-* 
association  furnishes  a  reading  room,  with  100  currenl  periodicAis- 

A  boys'  department  has  been  oi^ganized  in  each  association  for  tL' 
aceommodation  of  boys  over  10  years  of  age.     Games  and  outii^'' 
are  conducted  on  certain  days,  under  the  strict  supervision  of  se-.^- 
taries. 

In  the  last  week  of  June  a  temporary  work  was  established  in  Cavz. 
Hope  and  Camp  Diablo,  United  States  Marines,  for  the  welfare  of  t:- 
1.300  marines  stationed  on  the  Isthmus  during  the  Panamanian  ele- 
tion  period. 

In  February'  the  International  Committee  of  Young  Men's  Chris- 
tian A-ssociaiions  sent  their  associate  general  secretary,  Mr.  C  <^' 
Hicks,  of  New  York,  to  inspect  the  associations  on  the  Canal  Zorf 
and  the  work  was  approved  by  him  as  heartily  as  it  has  been  by  tne 
advisory^  committee,  who  have  judged  from  the  commissions  point 
of  view. 
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Considering  the  appreciation  which  employees  have  shown  for  the 
advantages  offered  tnrough  the  club  houses,  together  with  their 
liberal  use  of  same  and  the  results  obtained,  it  wouhl  aoein  ptv|>er 
to  recommend  that  the  work  be  extended  to  additional  towna  where 
there  are  sufficient  numbers  of  employees  to  warrant. 

All  properties  under  the  care  of  the  associations  have  been 
regularly  accounted  for,  whether  furnished  by  the  Commission  or 
purchased  from  Young  Men's  Christian  AssiK'iation  funds.  All 
accounts  of  the  associations  have  been  regulated  by  the  ooiiinii»- 
sion's  examiner  of  accounts.  The  fmancial  policy  of  (he  a-ssiH-ia- 
tions  has  been  determined  ea*h  month  by  the  advisorj-  (Himmiltee 
appointed  for  that  purpose  by  the  commission.  That  committee 
is  composed  as  follows:  Col.  W.  C.  Gorgas,  chief  sanitary  <»llicer;  W. 
G.  Tubby,  chief  division  of  material  and  supplies;  If.  I.,  StutiU, 
local  auditor  Panama  Railroad  Company;  Joseph  Buvklin  Ul-iltop, 
secretary  Canal  Commission;  A.  Bruce  Minear,  general  seeretafy 
Young  Men's  Christian  Associations. 
Respectfully  submitted. 

A.  Bruce  Minear, 
General  Secretary  Voting  Men's 
Christian  Associations  of  the  Amu/  Zoik. 
Lieut.  Col.  Geoboe  W,  Goethals,  U.  S.  Army, 

Chairman  and  Chief  Engineer,  Oulebra,  Cunal  Zune, 
67948-08 23 


APPENDIX  P. 

REPOBT  OF  LIEUT.  COL.  H.  F.  HODOES,  COBPS  OF  EHQINSBRS^ 
TJ.  S.  AKMT,  GEITERAL  PUBCHASINO  OFFICES  AHD  CHIEF  OF 
THE  WASHDrGTOH  OFFICE. 


Washington,  D.  C,  Jtdy  6\  l(k)S. 

Sir:  I  have  the  honor  to  submit  the  followhig  roiH>rt  upon  the 
organization  and  work  of  this  office  during  the  fiscal  year  ended  June 
30,  1908: 

On  the  1st  of  July,  1907,  under  an  executive  order  of  the  Presi- 
dent, the  purchase  of  materials  and  supplies  was  transferred  to  the 
supervision  of  the  Chief  of  Engineers,  United  States  Army,  who  was 
authorized  to  maintain  a  purchasing  department  in  the  ofiice  of  the 
Isthmian  Canal  Commission  in  Washington;  and  on  the  15th  of 
August,  1907,  this  office  was  reorganizea,  under  executive  order  of 
that  date,  since  when  it  has  comprised  the  following  divisions,  all 
under  my  immediate  charge  as  general  purchasing  officer  and  chief 
of  office  of  the  Isthmian  Canal  Commission,  namely:  General  office, 
general  counsel,  disbursing  office,  assistant  exammer  of  accounts; 
appointment,  correspondence,  and  record  divisions,  and  purchasing 
department. 

in  addition,  the  designing  and  drafting  force  connected  with  the 
engineering  department  on  the  Isthmus,  engaged  in  designing  the 
movable  dam  and  gates  for  the  locks,  has  continued  to  occupy  quar- 
.ters  in  the  Washington  office.  A  part  of  the  inspecting  engineer's 
office  was  transferred  from  New  York  to  Washington  on  March  9, 
1908,  and  quarters  also  provided  for  them  here. 

On  the  1st  of  Septemoer,  last  year,  the  three  upper  floors  of  the 
Mills  Building  Annex,  until  then  wholly  occupied  oy  this  commis- 
sion, were  given  up  and  leased  directly  to  the  Navy  Department,  the 
remaining  nve  floors  and  basement  of  this  buildmg  being  now  the 
quarters  of  the  commission  in  this  city. 

As  heretofore,  the  general  office  has  been  charged  with  the  prepa- 
ration of  all  general  correspondence,  the  immediate  supervision  of 
appointments,  correspondence  and  records,  and  the  care  of  the  build- 
ing office  fixtures,  and  supplies. 

The  general  counsel  continues  in  charge  of  all  legal  matters  per- 
taining to  the  commission  and  the  Panama  Railroad  Company,  both 
in  the  United  States  and  on  the  Isthmus  of  Panama. 

The  appointment  division  during  the  last  twelve  months  tendered 
2,160  persons  within  the  United  States  employment  on  the  Isthmus 
in  grades  above  that  of  laborer;  1,947  accepted  and  were  appointed, 
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covering  154  different  positions;  5,397  persons,  including  r.v 
appointees,  those  returning  from  leave  of  absence,  and  Inelnb€^^ 
their  families,  have  been  provided  with  transportation  from  :: 
United  States  to  the  Isthmus  during  the  fiscal  year  under  roa* 
In  response  to  inquiries  and  applications  for  employment  in  tlii>  i: 
21,241  letters  have  been  written,  3,178  telegrams  sent,  and  3(i.' 
circulars  fnailed. 

The  work  of  the  correspondence  and  record  divisions  has  been  c-.i 
tinned  as  outlined  in  the  last  annual  report. 

The  assistant  examiner  of  accounts  has  continued  the  \i;"ork  of '  ^ 
office  of  the  general  auditor  by  bringing  the  work  and  records  of  ihr 
office  up  to  June  30,  1907,  and  examining,  so  far  as  received.  .- 
accounts  and  vouchers   prepared  and  paid  sinc«  bv  the  disbur>ii: 
officer  of  the  commission  in  the  Unit^  States  anti  the  special 
bui*sing  officers  in  Europe  and  the  West  Indies,  besides  makinir  a 
inspection  of  the  office  Dooks  and  accounts  of  the  disbursing  ofrl 
in  washincrton  up  to  and  including  June  30,  1908. 

The  disbursing  division,  charged  with  the  safe  receipt  and  iii^- 
bursement  of  the  funds  of  the  commission  in  the  United  States  uf^^r 
proper  vouchers,  reports  a  volume  of  business  for  this  fiscal  year  ( 1  ^^  ^ 
amounting  to: 

Claim  statement y  fiscal  year  1908, 

On  hand  July  1 $55 

Received  July  1  to  June  30 11, 105 

$11, 160 

Passed  for  settlement  July  1  to  June  30 10, 956 

On  hand  June  30 204 

Financial  statement. 

Balance  on  hand,  July  1 ,  1907 $212,  215.  i> 

Receipts  from  United'  States  Treasury $14, 044,  730.  56 

Collections : 

Liquidated  damages,  account  of  delays  in  deliveries  74, 038. 05 

Ca*sh  discounts 5,  918.  62 

Miscellaneous 1,840,978.27 

^      15, 965,  6';a  .'-^ 

Disbursements,  claims  settled 13,  728,288.  51 

Deposited  in  United  States  Treasury: 

''Miscellaneous  receipts" 315,953.  78 

Repayment  to  appropriations 539.  977.  55 

14,  584. 219  H 

Balance  on  hand  June  30,  1908 1. 593,  oa*  M 

The  purchasing  department  is  charged  with  the  purchase  of  ^^^ 
supplies,  machinery,  and  necessary  plant  required  for  use  on  tlu* 
Isthmus  and  elsewhere,  and  is  under  the  direct  supervision  of  ^^^<' 
general  purchasing  olhcer,  with  headquarters  in  Washinet.on,  j^"^^ 
with  assistant  purchasing  and  shipping  agents  located  at  New  York, 
New  Orleans,  Tacoma,  and  San  Francisco.  All  orders  and  contnut? 
for  the  delivery  of  material  and  suppHes  are  placed  by  this  departn^^i^' 

Circular  invitations  for  bids  are  prepared  from  the  reqiiisitiVn> 
received  from  tlie  Isthmus  and  distrituted  directly  from  the  oflit^'  ^'f 
the  general  purchasing  officer,  assistant  purchiising  and  shipp^'l- 
agents,  and  tlirough  commercial  agencies  in  certain  cities,  and  liuriiir' 


